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NEW BOOKS OF SCIENTIFIC INTEREST 


Englishmen, Frenchmen, Spaniards. SALVADOR DE The Conductivity of Solutions and 
MADARIAGA. xix+256 pp. $2.50. Oxford Uni- Dissociation Theory. Crcin W. p» 
versity Press. 204 pp. $4.00. John Wiley and Sons 

This is a comparative study of three highly dis- The development of the electrolyti 
tinctive modern nations undertaken by one who has theory of solutions and the interior 
had the opportunity of watching the workings of theory of solutions are the main objects 
their minds. While planning this psychological The importance of conductivity meas 
essay, the author was director of the Disarmament the methods employed in performing { 
Section of the League of Nations. phasized. 





Economics. FRANK TRACY CARLTON. ix+371 pp. Makers of Chemistry. Enric Jonny 

$2.40. D. C. Heath and Company. xv+314 pp. Illustrated. $2.50. 
versity Press. 

It is the purpose of this volume, intended as a 


short text for college students, to offer the funda- This book tells the story of chemis 


mentals in economics with a hope that it may aid its obscure beginnings up to the establis! 


ern science by Dalton, Lavoisier and 


readers in meeting the business problems which will 
sooner or later confront nearly all college graduates. 


is intended primarily for the general r 





Social Welfare and Professional Education. Oceanography. Henry B. BIGELo 
Evita Apsotr. ix+177 pp. $2.00. The Univer- $2.50. Houghton Mifflin Company. 
sity of Chicago Press. 

This book is designed to show the 1 
portunities for investigation in ocea 
study of the natural phenomena of t} 
author has included much informati: 
to all who wish to keep abreast of mod: 
thought. 


This group of informal discussions by the dean 
of the Graduate School of Social Service Administra- 
tion of the University of Chicago is directed toward 
the discovery of certain principles of professional 
education in the field of social welfare. 





Day by Day; A Nature Study. Huritzy Lee Gliding and Soaring. PerrcivaL Wu 


RaGon. 192 pp. The Torch Press. WHITE. xiv+234 pp. Illustrated. ¢ 
tlesey House. 

This book contains “the story of the year.” All “ 

The authors present salient facts ab: 
telling the story of motorless flight and 
ground instruction, actual gliding, soar 
siasm. The book is made up of twelve chapters—a construction of the different types of ¢! 
chapter for the description of each month. also devote a section to the future of g! 


Ancient Landscapes of the Grand Canyon Re- A Life of Joseph Priestley. ANNE He 
gion. Epwin D. McKee. 50 pp. Illustrated. 221 pp. $2.50. Oxford University Pres 
Published by the author. 


the days and nights have been watched and charted, 


and many phases of nature are disclosed with enthu- 








It was with the object of rescuing fr 
The author has chosen the high plateau country Priestley’s many-sided life that this st) 
of northern Arizona and southern Utah to illustrate dertaken. Heretofore Priestley’s scientit 
an interesting résumé of the earth’s history. The 
book includes sketches and charts and a geological 

bibliography of the Grand Canyon region. 
Physical Science. Hersert BROWNELL. xiv+313 Personality and Will. Frances Av! 
pp. $2.50. McGraw-Hill Book Company. 246 pp. $2.00. D. Appleton and Com; 
This book deals with personality and th: 
the will plays in the development and d: 
it have to d tly with scientific { character qualities. The author deals wit! 
s use have to do mostly with scientific interpreta- plete theory of personality.” Professor 


tions of phenomena common in the experiences of university reader in psychology at the U: 
life. No detailed study is made in any single field. London. 

Essays on Population. James ALFRED Fietp. A Year on the Great Barrier Reef. 
xxix +440 pp. $3.50. The University of Chicago Yonce. xx+246 pp. Illustrated. $6.00. 
Press. 


been described, but in this book he is fi 


philosopher, politician, theologian and his 








This book is an introduction to specialized courses 


in college science. Its material and the manner of 








The leader of the Great Barrier Reef F 

This volume represents the reflections of a teacher (1928-1929) tells in plain words what cor 
of economics upon certain aspects of current issues are and something of what is known al 
and ideas which struck his imagination, together and about the reefs and islands which t! 
with the fruits of research in fields which were of The Great Barrier Reef of Australia is des 
especial interest to him. detail. 
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SINANTHROPUS—PEKING MAN 
ITS DISCOVERY AND SIGNIFICANCE 


G. ELLIOT SMITH 


By Protessor 
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PHOTOGRAPH OF A CAST OF THE SKULL 
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3. 1929 
forms, suel 
theotherium, et : 
of horses and 192s, 
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re recent than Mr. W 
t fauna charac mains of 
justification 
Black had 
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the Ninanthro 
found in 1928 


lower jaws and 
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individuals 
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the tooth afforded Ing only the P 
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monograph ‘*Palaeontologia Sinicea,”’ the simian 
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The bones were surprisingly thic! 

and comparable to those of the Piltdoy uc ecime} 
skull both in strueture and thickne peculiar features 
It was found possible to remove the many points 
frontal, occipital and temporal bones with Pitheca 
from the surface of the endocranial cast same skull 

and then reconstitute each of the bones known only 

if the skull, so that they could be ex skull, form 
amined in the way customary among other two 


students of the modern disartieulated characters 


skull The bones so successfully dis supposed 


articulated by Dr. Davidson Black were the other 
then fitted together again to reconst}! 
tute the skull, from which an artificial 
endocranial cast has been made 
This important mould of the bra 
can not be further discussed until 
Davidson Black has published his 
report and photographs of 
It will then provide evidence of pr 
found significance on the problem of 
how man aequired the distinetive quali 
ties of his brain, which conferred up 
him the mental preeminence’ whiel 
made him human 
The fossil is important not merely 
because it gives a reliable idea of the venera 
exact form of the skull of an early The brain-cass 


Pleistocene man (free from the doubts that of a voung 
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to be made In the meterial found in attain such an en 

1928 (Fie. 2) there are remains of two difficult to explair 

other broken skulls (still embedded in provides an interesting 
travertine), which provide other impor morphologists to endeavor 
tant comparative material for studying Did primitive man’s sku 
the range of variation of the skulls thickness because the 

One of the most remarkable points ol capacity of the 

contrast between the  brain-case of increasing area o 
Pithecanthropus and ot EFoanthropus is te mporal muscles 

the phenomenal thickness of the latter, this exposed area of skul 
whereas the skull of Pithecanthropus is new kinds of risks when mi 
much thinner. In the case of the skull use sticks and stones as weapo 
oft Sinanthropus found on December 2, tentative suggestions are 


1929, the thickness of the bone approxi speculative to be seriously 
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FIG. 13. LEFT LATERAL ASPECT OF THE FEMALE SKUI 


suggested after all the newly found — parietal eminence 
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genus was more nearly akin to his” lacking in the 
neighbor from Java. The skull revealed — postero-inferior 

great projecting evebrow ridges like — bones are everted in 
those of Pithecanthropus, which pro tinctive way foun 
vided a marked contrast to the condi skull Th 

tion found in Piltdown Man in which © sents a much 

such ridges were lacking The front of Pithecanthro 

part of the skull was also flattened and to eonsider the temporal 
ill-filled, and had a prominent median a much more primitive 
erest such as that of Pithecanthropus mastoid and of 

There was the difference in the frontal that which is 
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frontal eminences were definitely more Pithecanthropus 
obtrusive than those of Pithecanthropus covered, so that 
Turning to the consideration of the comparisons betwe« 
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blanee to those of the Piltdown Man of the most interesting 
This resemblance depends both upon specimen found in 1929 
the fact that the bones tended to be Dr. Davidson Black in 
raised up towards the middle line and nature of the wear 
are not so flat as those of Pithe before the skull was 


anthropus, that there is a very definite that the econdyloid fossa 
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THE JOSEPH HENRY MONUMENT 


RECENTLY UNVEILED IN ALBANY. IN THE BACKGROUND IS THI 
JOSEPH HENRY MADE HIS IMPORTANT DISCOVERIES IN EI 









JOSEPH HENRY 


By EDITH W. STONE 









ot birth 
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the official school, but he . 


ite which appears in 

























smal records of the First Presby seh . 
Church of Albany, founded i work . 

1763. Henry was of Scotch descent, his It was ¢ 

“eSTOTS, both maternal and pate rnal experiel 

ving come over from Seotland on the his hitherts ne tf \) 
same boat just prior to the battle of other animals 
Bunker Hill. Little is known in regard pet rabb 

this father, William Henry, though happy moments | 

do discover that he was a day laborer expeditions 1 ne . 

| that he died when the lad was about evardens Cdne « 

n. Many vears later Henry wrote in — this exploring anin Jos 

etter to Professor A. M. Mayer, one appear withi 

his associates: ‘‘I have been sorry lave meetine hous | 
at my grandfather, in coming from boy at once re) 
Scotland to this e untry, substituted it from the broke re 

the name Henry) for Hendrie, a much rabbit within, b . 

ss common, and therefore more dis had fallen thi mbers. te 
tinective name.’*' This would seem to eellar floor. he immed ( 
ndieate that the inability to trace the errand that hac Il ! 
rly history of the Henry family was The book happe | 1) > . | 
due in part to the change in name. of Quality ind 
Henry's mother, Ann Alexander, is de books which the b Se) 
scribed as a woman of marked refine ered in a ease in the si by) 
ment and gentle mien Caroline, the floor above Krom tl perus 
Henry ’s daughter, thought that the this hook ot fhietion dated Josep ‘ 
Alexanders originally came from for reading At t n he 
Argvleshire, Scotland, and that the hours were over, 1 das « 
family were descendants of the Earl of | and general helpe: t 
Stirling Bevond these few isolated but during s 11 | rs n 
icts, the writer was unable to trace the quent ust nis s ! t 
genealogy of either the Henry or the library. Llers read bh 
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urs) development 
talkine over the contents of electromacnet 
volumes out by Henry 
is manner until 

Josep! as abou fifteen, when he re 
turned to Albany to live with his’ next work was 
mother. Here he was apprenticed to ; electric telegraph, 
watchmaker un this man failed in use his electromaenet. 
business His next venture, gwenerated the transmission of por 
no doubt by nl reading tf fietion, was Just before he terminated his 
in connection — \ 1 play producing with the academy, he discov 
or the better part of a vear he turned = maenetie induction 
his attention to the stage: » worked out 


our vears after he ae 


ve setting etrects, and he even wrote fessors| Ip at Albany \e 


play in which he took one of the parts he married his” cousin 


He was not destined, however, to become Alexander. of Seh: nectacd) 

an actor, as his next endeavors, set in dren resulted from this 
motion by reading while he was ill a whom were living at the tin 
book on natural history Dr Gregory 's deat] \MIrs Henry died on 
‘Lectures on Experimental Philosophy, vears after the death of hea 
Astronomy, and Chemistry’’) took him In 1832, Henry was offered 
into the scientific world He now of natural philosophy at th: 
realized that his capacities and inelina New Jersey now Princeton 
tions pointed to a field of work far re that he occupied for fourteer 
moved from the stage, and to better fit During this time he became m 
himself for a higher position in life he ested in the problem of 
began to attend night classes. Later he whieh he thought 

entered Albany Academy, where he ‘*trainine for both the 

paid his expenses by teaching in coun reasonine faeculties’’ 

try schools and by tutoring in the city training he emphasized 

After his course of work at the aead ‘*nhilosophieal investigation 

emy was finished he tutored for a time during these vears at the 

in the Van Rensselaer family He New Jersey that Henry nv 
nevertheless kept up his studies in thoroughly the higher orders 
chemistry, anatomy and physiology, as tion, which led to his independ 
it was his intention to study medicine covery of the phenomena 

at a later date. But in 1825 he was telegraphy 

sent out to make a survey for a state To go back a few years, | 
road, and in his new enthusiasm for this to mention James Smithson. at 
pursuit he decided at once to make eng! chemist. whose death occurred 
neering his life work. The next year, Aceording to the terms of his 
however, he was offered the position of bequeathed funds ‘‘To Found at 
professor of mathematics at Albany ington, D. C., an Establishment 
Academy, an appointment which he Inerease and Diffusion of Know 
accepted immediately. Although his among Men.’’ This institution 
work here required many hours of ex- actually established until 1846, b 
acting duties, he still found time to do the center of much of Henrvy’s 
research work, and it was here he began Published by Order 


the experiments that resulted in the morial of Joseph Henry 
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current 1s 
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In 1827, when Henry first 


when an electric 


his work, an electromagnet of 
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imple design, invented by 


This was merely a 


| the shape ol 


oft sott iron bent into 


Was Ih Use 


rseshoe and then varnished to fur 
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insulation, after which a piece of 


was wound about it. as shown In 


This instrument did not prove 


much of a magnet, so Henry 


working to develop a more pow 


jHectromagnet He first insulated 


onducting wire with silk thread. 


he wound it around the iron bar 
closely In order To have a vreater 
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into two mercury cups 
possi Dit electromagnet swung and 
Henry very early foresaw the possi made a contact with one batt 
bilitv of building a machine whereby he at the same time the other en 
could get power from an electric cur and unconnected. However 
rent; and, as there were no dynamos at produced by this contact mad 
that time, he had to depend upon net tip in the other directio: 
primary batteries. After some exper! the connection with the first |} 
menting, he finally (1829) constructed it was established with th: 
the first electric motor, and equipped it This caused the magnetism lt 
with the first automatic commutator net to reverse, with the result 
ever used. His method of construction again tipped back to its former 
was as follows An electromagnet, Fig. 5 illustrates the method 
pivoted at the center, was placed hori struction. Henry, although he 
zontally, with its terminals bent to motion back and forth was pro 
form eontacts, when charged, with two ‘“‘magnetic attraction and repu 
vertical magnets Around the electro did not consider his experime 
magnet were wound copper wires, the of much importance. He sp 
uncovered terminals at either end of the motor as ‘‘a philosophical toy; 
magnet projecting and bending to dip in the progress of discovery 
SGectme B. Goode, ‘‘The Smithsonian Inst tion it is not impossible that tl 
tution 1846—1896,’’ 1897, pp. 124 and 1: principle, or some modificatior 
a more extended seale, may here; 
applied to some useful purpost 
A third experiment Henry 
upon at the Albany Academ\ 
was in connection with the el 
graph. In this experiment lh 
permanent magnet, pivoting 
center in order to allow of fre 
Over this was an electromagnet 


permanent magnet so arranged 
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gy, one of its ends would come to 

midway between the two poles ot 

ectromagnet The rest of the 

ratus consisted of a switeh, used Morse 
reversing the connections of the — bilities of 
tromagnet. and a bell, so located that due credit 
permanent magnet when it moved, became inv 
t In working Morse free! 


iid strike against ack 


this experiment, Henry caused the ness to Henry 


ent to be sent through a mile of Henry’s inter 
copper wire. The result was that Henry’s devic 
little bell actually rang, making an in perfecting | 
dible signal, and this pointed out the Mendenhall sa 
wssibility of Instantaneous transmission Ww) 
news between distant points by means 
an electromagnetic telegraph Fic. 6 
shows the arrangement of the apparatus 
ised in performing the experiment 
Published by Si 
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APPARATI THAT SHOWS HENRY’S PRIN zk OF THE DYNAMO 


surrounding f sof on wi Henry then called 


t} 


magnecisn 


make and break the 
eurrent 
watched the needle ot 


eurrent in one th her tio aT and he was made aware 
panies every mony nagn ‘ el electricity by the momentar 
of the needle, first to the 
circuit was made, then to thi 
He described 
was broken. Henry told his assist 


\ piect of copper wire. +} ‘ eet long Albany that he had visioned this 


ind covered w i ( ! ’ clo ment one nieht after he had r 


that the next morning 
laboratory, he actually drew 
from the magnet The writer has 
the original apparatus used by I 


in performing this experiment ; 
the ends of the electric motor and thy electric +, 
fastened so that n 
Ch two projectir with the small bell attached. al 
dipped into two cup fn irv, and there con have been preserved by 
nected with a distant g inometer by mea Academy 


of two copper ires, ¢ about forty feet Although the results of 
wae: periment were not given out 
Published by Smithsoni: 0 ately, it is now generally conceded 
‘Scientific Writings of enry,’” Ve he worked independently of Far 
I. 1886, p. 76. 
Published — by nithsonian Institution : 
‘Scientific Writing * Joseph Henry,’’ Vol. anticipated Faraday 's work 


and there is every reason to belie) 


I, 1886, p. 75. Cioode Savs If Was only 





JOSEPH HENRY 


the quantit) 
ry in 1850 ¢ 
magnetoelectricity.'* Employ 
ry’s spool magnet to perfect his 
e, Faraday concluded his experi 
n 1831 and published his results 
While Henry’s discovery was 
than that of Karaday *s. 
eive credit for it because 
pubhie his results 
in an outburst to one of his « ton » bes 
s a little later, said: ‘‘Il ought to whic result 
published earlier, but |! had so little ‘urrents ¢ 
I desired to get out my results in rents also 
form, and how could | know that were made up 
er on the other side of the Atlantic — posite dir 
s busy with the same thing ?’’™ Dr nvestiv: 
eming. an Enelish writer and scientist duced 


juoted as follows: duced current 


eonaductror., ana 
s ¢laim to b 


third current 


] 


Closed eicuit 


fundament: 
is not now 
of Silliman’s 
for 1832, Josep! 
the manner 
ind before 
work pert 
cited fron 
an induced 


ron armat 


hile at the 
nry added to the pr neiple oft the 
magnetic telegraph that of th 


Telev! 


pl relay, thus makin: 


ssible over a_ considerable 


¢ for the first time the earth as 

rn conductor, he set up the appara 
Ss between his own home and the labo 
rv at the college. His device enabled 

to open one circuit by means of 

eorge B. Goode, ** The 

tion 1846—1896,°" 1897 
sancroft Gherardi, 
nts in the All 


11. 
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these currents of the first, second, third, nection with ordinary or friction 
fourth, and fifth orders. He further tricity, by means of which he she 
experimented by placing a piece of effects capable of being produced at 
metal between the neighboring condue- distance. He says 

tors. Immediately the induction was sent through a wire on 
neutralized, because of the current pres- building, electrical effects 

ent in the metal. Later he demonstrated hibited in a parallel wire 


that a current of quantity could produce — buildings His investigations 


a current of intensity, and vice versa ee 


Henry’s next researches were in con mo of Joseph Henry,’’ 188 

















s at Princeton also, in 1542. tl 
discovered the phe ! 

S telegraphy as he noted, In eX 
nting that the dadischare' I a 
jar through a coil of wire would 


eurrents in other cireuits at some 

away. He noted, too, that thes 
ts did not flow in one direction 
at they oseillated back and fort} 


Here is Henry's 


expr 








npered steel retained the yg . 
nieated to it | the current llenr 

it, when the needle < 

eurrent had flashed I ind 1 ts 





x Savary, however, should receiv 
lit for having ‘‘first advanced th 
thesis ot electrical oselillations as 
as 1827.’’ It was left to Helm 
and Sir William Thomson, after 
‘dd Lord Kelvin, to experiment at 
iter length with regard to these oscil 
currents. Then, in 1887, Hertz 
ved the existence of these undula 
ns; he measured their leneth and 
‘ity, which he found to be equal to 
of light, and showed that they were 
eptible of reflection, refraction. and 
rization. Henry, however, should 
ive eredit for his contribution to 
ess, because he demonstrated the 
ciple of wireless in his experiment 
the Leyden jar. Stated in terms of 
avid Starr Jordan, ‘‘ Leading Amet 
f Science,’’ 1910, p. 128. 
’ublished by Order of Congress: ‘‘A Mi 


of Joseph Henry,’’ 
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IN HIS EARLY THIRTI 


numbers It 1 said that some ol the have his money 
early members of the new institution sug some country « 


vested a society similar to the Royal So statement in 
ciety of England, but Henry reasoned 


Ives a 


c\ clopaedia 


iw a new will tha 


that this was not Smithson’s intention in 
in willing the money to an American 

city Henry, it seems, had learned of a im from his 
former will, whereby the Royal Society During tl 
of London had been the beneficiary of Henry acted as 
the sum later willed to the city of Was! 


it Smithson He became presi 


tion. he was ae 


ineton, and he coneluded thi 
had become displeased with this society \, Int 
] » desired to 


for some reason and 








JOSEPH HENRY 


2°" eof 2 tell 
Vue Ud kell 


1799 JOSEPA-HENRY iba NEVOUT CHRISTA 
BAPTIZED iN TH a 


Clation Tol I 
nee in 1849 In 185 
of LL.D. fro 

ved this san 

ve in 1S29 
National Acaden 
me ts presice 
) appointed te ad 
rd in 1871, and in 1 
ed the rovernn 

sulted In improving fog s 
al lights used D 


e he was inst! 
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peared in the preface ‘*The present um much for 
derstanding may be said to have origi- appropriate 
nated in a communication from Dr born in 17! 
Joseph Henry, Secretary of the Smith day's dates were 
sonian Institution.’ man lived bevond 

Some time atter he accepted the pos mark and devoted 
tion at Washineton, he was offered the lite to selentifie worl 
presidency of the College of New Jer both men wert 
sey, but he declined this honor because only a small amo 
he thought he could reach more pec le Henry, as well as Karada 
through his work at the institution » terested in the subject 
still maintained that his ambition was by aecident Henry 
to add to the sum total of human know! scientific work while 
edge by the discovery of new truths inactivity because of 
which might be of some use to the discovered science thr 
world; the practical application of Mareet’s ‘*‘Conversations 
these, however, he was willing to leave — istry,’’ during his daily 
to others Like his contempora vy; binder’s sl Op These 
laraday, Henry did not crave fame; in use a present-day term 
fact he never asked for but one position neither had a college edueat 
during his entire life, and that was dur- two, Henry perhaps had the 
ing the time he was studying at Albany because he did = attend 
Academy. In order to earn money to Academy. Faraday 
vo on with his work there, he sought a culture by his attendance 
position as teacher in a country school and as a result he secured tl 


district. Beeause of his immaturity, he if assistant in the laborator 


was accepted on trial at a salary of $8 Royal Institution in 1813. H 


a month. He proved so efficient that he works and discoveries were nh 
was asked to return for thenext term at though only four have been 
the grand salary of $15 a month. Not in detail in this paper 

only in his youth, but throughout his ment of the electromagnet 
entire life, the salary given to this man principle of the 


was never in proportion to his services. — in 


Mrs. Luey E. Sanford, in an article magnetic telegraph 


1829 ; 


published at the time of Henry’s death, principle of the dyna 
said: day’s first experiments 


' istry, but in 1821 he turned 
He lived on a s se 
the nation and of electricity. His first we 


large prices had be iffered r | vear Was In connec 


t) 


to further private scheme ) ne never sold tion of a magnet 


it, ar lived witl 
, and lived \ ’ electrie current. During 
A short comparison of Henry and years he experimented unsuccess! 


+ 


Faraday.** the two men who did an endeavor to work out the p 
22 George B. Goode. ** | of the dynamo, for it was not unt 
tution 1846—1896,"’ 97, pp > and 78! that he discovered the method 
Phe New Yo ; we ; _ £ Tor ys dueing indueed currents He als 
Henry’s Funeral,’’ by Mrs. Lucy E for 
May 16, 1878 (approximate date 
24 Silvanus P. Thompson, ‘* Mie] 1F dax another, and during his later Vi 


covered the action of one current 


His Life and Works,’’* 1898, pp. 2-295 devoted his time to researches 
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Ad 


ner 


iV 


s gentle 


JOSEPH 


his 
refused 
in order that he might 
to the interests of 
Both 
and unassuming, but 


Like contemporary, 
and high 


devote 


he also tees 
science and 
were 
de- 


was 


these men 
withal 


each 


wmen. 
and persistent; and 
with a disinterested and lifelong 
n to scientific research. 
ury had a fascinating personality 
the with which 
attracted to it, 
1 to draw people to him. 


he 
he 


» ee 
2COCAUSS 


magnet 
things SO 
s simplicity, his patience, his un- 


nature, his honorable dealings 


all, 
4 the poor, he was well received, in 
is country as well as in Europe. An 
m published in one of the New York 
rs shortly after his death deseribed 


and his many acts of kindness 


nry as follows: 


person, Professor Henry was of more than 
im height, and of large and sinewy frame. 
kindness of his nature was stamped upon 
lips ever bore a patient 
did not detract from a 
expression. His 
. and to his 


e 
OL 


and iis 


+y) . 
ires 


} 


1iCil, 


however, 
of 

suave and dignified 
nds, especially the 
nee, Professor Henry was always ready to 
encouragement in their pursuits and to aid 
r efforts in opening new pathways of re- 


in hrmness manner 


to younger men 


Henry believed in teaching, not by 


ry, but by practice and by thinking 
One might almost call 
a true visionary, always active, 


problems. 


ays looking ahead to some new ex- 


‘ment, never able to decide things 


rriedly, yet always persisting until he 
id reached 


some definite conclusion. 


en as a youth he was very deliberate. 


A story that shows this habit of delib- 
ration is told about the first pair of 
ots he ordered from the village boot- 


m re Joseph Henry, May 16, 1878 


cer at Galway. The man, 
ed with the problem of choosing be- 


New York Tribune: 


young 


From a_ scrapbook 
(approxi- 


e date). 


HENRY 


tween roum 


! 
boots slowly ne: 
being able to come 
clusion regarding 
Imagine his surpr 

the present 
boots to him, one mod 


toe, 


spiendor with a squar 


bootmaker 


while the oth 


er st 


that from this time 


more hasty 1n makins 


important and weighty 


In religion Henry believed 


nor was this 
knowledge of 
tist first and 
Ch n 
Church and a b 


He 


in his 


» Presbyterian 
Christ. the 
xt to 


ristian, a member ol 


lever 1n 


Saviour. said that ‘‘ne 
belief 
lief in the 
his 


own existence Was his 


existence orf other 


minds .C 


own, and trom indis 


putable points, he rea , analogy, 
to the that 
Almighty pervading 
verse. 2 

the 
ligion, but he stated that at 


conclusion 
Mind 


He was mueh tr 


an 

the 
ubled 
and r 


uni 
over 
conflict between science 
times these 
the one to 
owever, that if 
truth, 
He 


who 


two would be unintelligible 
the other. He 
each followed 


said, I 
the 
there could be no conflict whatever. 
**The 


can be 


prineiples of 


asserted: 
there 
between science and re 


further 
thinks that 
flict 
be very young in science or 


ol 


person 


any real con 


livion must 
very lgnor 
ant religion, ’’*? 

In 
although Henry worked out principles 
which he left to others to apply, his 
endure for all the 
the standard 
inductive resistance, is 
to-day. Dr 


2t Published by 
h Henry, 
Address at Unveilir g « f 


Albany, N. } 


conclusion it ean be said that, 


name will time, as 


word ‘“‘henry,’’ unit of 
in common use 
of Henry: 


Me 


Says 


Finley 
Order of Congress: ‘‘A 


morial of Jose} 1880, p. 199. 


27 John H. F 


Statue 


nley, ‘* 
to Joseph Henry at 


7? p. 11. 
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of what ] 

torlian age hn ig 
the far by telegraph and 
radio and motor.’** Henry 
May, 1878, at the age of 81. 
lowing article appeared in 
York Observer in regard to his f Thus did Henry a gaan 


" 


nets St ee him and acknowledge his 
President and Cabinet, the 


7 ae nears , her men of science 
-* Jol nH Fir ey, ** Addr } 
Statue to Joseph Henry at 


1928,’’ p. 15. 





THE UNITY OF NATURE AS ILLUSTRATED 
BY THE GRAND CANYON 


By Dr. JOHN C. MERRIAM 


\ 


CARN Ef NSTITUT , OF WAS 


velopment of science adequate one student is 
the vast accumulation of mate- in other fields, 


s makes necessary a degree of spe- to dig himse 


tion which will give to each stu- fly so high or 
ose acquaintance with the facts greater world, 
y upon his problem. A true pic- worlds in it, se 
nature can be obtained only if The day when 
nvestigator sees every angle of the know the details 
siognomy of each object examined. but the necessity 
is acquaintance there must be as- field is not less 
comparable to the ability we at- vances in science 
recognizing instantly our neigh- of relationship among 
‘ross the street, or our associates search which apps 
fice. This must be true, whether and yet are connect 
considering sea-shells from re- sense. So atomie phy) 
areas of the world, or infinitesimal tory has proved to be 
stituents of the blood, or barely at- important tool 
» elements of the starry heavens. In another direction 
‘ing such knowledge, the Judgment be a wider gap in 
nee would be open to criticism as tween astrophysics 
ng upon superficial observation. biological inheritane: 
intensive specialization brings rularly important 
is consequences. The student of by possibilities of infl 
‘flies, whose soul is plunged into rays. assumed to 
static tremors by the flashing wings of space, upon developm 
re species, may be wholly unrespon- of certain elements in tl 
to stimulation by flight of the swal- Some of the greatest discoveries ari 
ytail kite which throws the ornitholo-  throueh association of perso nearer 
, 


. . ? 
“ist Into a state of great emotional jn study of wid 


lely separated subjects 


iltation. To both entomologist and put each sufficiently broad-minded 1 


thologist, the intellectual Joy = consider the relation of | 1S work to that 
rienced by the pathologist in distin- of others Such ad 


aavance de penas in a 


ruishing from each other two types Of joasyre upon experience or training it 
yy + Law v7 aataris av — . i . a 
most formless bacteria may be almost fields of breadth adequate to open 


‘omprehensible. 


; ; vision of the larger picture 
Not only may the characters or cri- 


: ja acs Appreciation of the need fi 
teria vary in different groups of things 
such an extent that the problem of 

1 Read on occasion of inauguration of Presi- 
Shantz at University of Arizona, April 


iO 


ing each problem of nature in 
“pa 
' 


of its relation to the larger scheme 
things may come from contact with any 
situation in science or in everyday lift 


9o7 
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It is, however, possible for us to live tion or ealeulation. The assun 
long without having this revelation of or modes of procedure upon 
unity as seen through continuity in _ base calculation may be inexact 
operation of natural law in time or _ the results will express this ina 
space. Experiment is only experience i 

Perhaps the earliest expression of this sure under guidance or contro 
view of unity appeared in the idea of History, whether relating 
one God in Nature, instead of many civilization, or to the earth, 
warring deities. Certainly there has tronomy, is a record of ex 
been no greater stride in human think- Time and the relative position 
ing than that which extended to the uni- in it represent one way of d 
verse the ty pe of coherence that modern the occurrences. This expr 
science reflects in the law of gravity, or experience indicates in some 
in the marvelously rigid adherence to the laws which have governed a 
rules of movement in light. To-day the world stands at 

But the world of thought is not a level when the astronomer stops in 
plain. In it there are mountain peaks to tell us of the history or ev 
and valleys, and a sudden view over’ worlds, of planetary systems, or 
wide fields sometimes gives a startling nebulae. Also, regardless of 
vision. So with respect to interrelation conceived notions, all mankind 
of the elements of nature, there are with intense interest whatever 
places where the picture reveals with from investigations on the hist 
exceptional clearness the idea of con- man’s long-extended striving 1 
tinuity in law and interdependence of his position and to deepen his 
the features involved. edge. 

If one were to take the instant wings But nowhere in the universe of 
of thought and flash through the uni- nor in human experience, nor 
verse of space and time and movement, other phase of history, do we vi 
it is doubtful whether within the range in a manner more striking than 
of these wide spaces there would be the Grand Canyon the presence: 


found another situation presenting as_ ing events of history, with the r 


much of continuity through time and and order of occurrence so visua 
action as is seen in the cinema of earth that one sees, as it were, the whol 
history at the Grand Canyon. There rama in action. 
may be other places on this earth that Astronomical measures of spa 
are comparable. If so, they are few. time reach to figures that we fail t 
We have no assurance that close simi- prehend. We are staggered b: 
larity to this particular type of relation- statement that light moving at its 
ship will be discovered elsewhere in the  rifie pace would require one hund 
universe. I have chosen to turn atten- two hundred millions of years for 
tion to this concrete thing which touches sage from some of the more re! 
both our intellectual and our spiritual spiral nebulae to the earth. In | 
life. I look upon it as a treasure house out over space, the universe as wi 
of science—an immeasurable influence in different places actually rep! 
upon human thinking and ideals. different geological ages percei\ 
In this age of experiment we have es- the same moment. At the Grand 
tablished the idea that observation of a yon a vastly longer series of ages, 
process is more important than specula- different times, is visualized at th: 





THE UNITY 


nt and in the same place. The 
ts in the Grand Canyon story are, 
ver, presented in such manner 
press continuity of action exten 
rough them. 
lutside the field of geology, I am not 
of any actual measure of events 
universe, even remotely related to 
servation, which involves more than 
ximately two hundred million 
The story of the Grand Canyon, 
n in a easual glance, gives us, ac- 
¢ to the geologist, a reasonable 
ssurance of considerably more than one 
sand million years. 
» geologist divides his story of the 
into the astronomical period and 
strictly geological. For the first he 
nds upon the astronomer. There is 
bservatorial record of this part of 


The strictly geological record based 
n actual relics which we may exam- 
» divides itself into three parts: first, 
early or Archeozoic, in which the 
rd is heavily defaced by influences 

at have almost completely changed 
remaining materials. No traces of 
are found in this rock system. 

A second period, or the Proterozoic, 
s represented by a vast thickness of 

vers formed upon the earth’s surface 
by processes much like those in opera- 

to-day. From these rocks, resem- 
bing mud, sand and gravel of to-day, 

have rare remains of life foreshad- 
wing that of the present. 

The third division of time, approxi- 
mating in length the second, includes 
most of the great formations we meet 
generally over the world—tens upon 
tens of thousands of feet of strata, like 
deposits of to-day, and containing abun- 
dant remains of plants and animals. 

In a single glance at the walls of the 
Grand Canyon these three divisions of 
time are all clearly represented to- 
gether. 


OF NATURE 


T) e 
] 


shown 


alm ) 


erosive 
away 
time and 
nothing e] 
universe. 
The twelve 
strata of the 
ning at the 
masses of rollé 
ments of rocks 
division, presents 
tions not materi 
those on gravel 
River near at han 
dreds of millions of 
it was on an earth 


these deposits forn 


time in the 
7 


broken by many gay 
be called interruption 
of scene. Where t! 
the second great s 
oldest rocks, they 
an uplift during 
formed and was! 
greatest single sti 

The relation of 
of action in the stor 
the physical processes of 
expression involves qu 
answer only in par 
forces that produced 
of two kinds: first, tl 
the outer earth which 
continents and mountains; secondly, 
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agencies which have moulded the up- bulk of the great plateau hig 
lifted masses into forms of the land. sea may, with participation 
Of the first element, the movements have involved light, heat 
of the earth now up, now down, the can- activity, which also give 
yon gives reality, though only partial winds and clouds. 
explanation. But we are not ashamed The varied features of the 
to say we do not know, at any rate when in reality one picture, from 
gravitation, constituting an important forming of the canyon; from 
phase of the problem, remains itself one beauty flung over it by shifti 
of the greatest mysteries of nature. the immeasurable power that 
More easily visualized are the forces bent the mountains’ mass. V 
which have moulded the land. Often as_ be scientist or only one wl 
one watches from the brink of the can- glory in the work of nature, 1 
yon, a cloud floating by is seen to lower every part in it is most high|: 
a dark curtain of storm. In its path when seen against the backer 
rain lashes the slopes, streamlets flow in interlocking group of elem 
the ravines, and mud-discolored waters most fully interpretable wi! 
begin their journey to the sea. This ered in its relation to the ot! 
power that carves and wears the land, The Canyon has long b 
spreading the debris as record of its lative spectacle without refer 
work, involves the wind that shepherds direct relation it might hav 
swiftly changing clouds, and all the’ gin or becoming of life. To- 
features of the atmosphere. it not only as a place of great 
No one who sees this picture at the wonders, but as presenting, emb: 
eanyon fails to realize that as the cloud its story, one of the most thr 
which shapes itself and vanishes, so counts of the adventure of lif 
runs the story of the land. The rocks the ages. As yet this story 
we see are only fragments that remain unknown, waiting for those 
from great formations of ancient time. come to chart these wilderness 
They bridge the short span of eternity past. 
which lies immediately behind us. The record of life begins in t 
It is not possible to consider the geo- strata of the second series, the | 
logical story excepting in terms of the zoic. It leads on up to the hig 
physical forces involved. It is also true of the walls. Then out aer 
that the nature of these elements is in’ Painted Desert and into the his 
considerable measure interpreted by the to the north the story continues 


way in which they have operated geo- later strata. The multitudes of 
logically. In a sense the two problems’ that favored the sea left their s 
become one. in myriads. Creatures that ca) 
To what extent the sources of physi- upon the land marked prints 
cal power concerned lie outside this fingers in numberless_ thousa 
earth is at the moment a question for sands of long ago which now 
discussion. Some hold that if not as a_ part of the canyon walls. Di 
cause, at least as occasion, the effect of pressed their feet into the soft s 
radiation from the sun, along with and the traces remained until w 
gravitational influences, may have bear- come and wonder. And so int 


ing upon movements of the earth’s millions of years of earth build 
erust. The agencies which lifted the story of life is woven. 





THE UNITY 


f these threads of 


intertwining of 
ife with those of earth evolu- 
do not fully understand. The 
is at the same time the greatest 
and the greatest challenge of 


on. 
presence of such ove 
| features as those 
ing things of to-day 
itler slopes, or mantie 
e plateau above, may 
no greater importance than 
ive known abundantly elsewhere. 
ey are of great significance in 
story of tl 
mainly as a 
ation to study 
hey express in str) 
of the most interestin: 
1 in the lone recor 
oes entombed in the walls. 
\s illustrating the idea 
-e of elements in nature, the 


ern > gar- 
of life spread over the canyon is an 
tstanding feature of this great spec- 


rder that comment regarding sig- to diff ppear 
ince of the life of the region to-day tain 


sary To assume 


eonditions 


y be presented through concrete ex- relat 
ple, I have chosen to view the situa- 
incident. Rid-_ tion in ¢ 
¢ through the forests of the North illustrated 
taken place 
In examining the 


aracters ¢ 


ment of the canyon 
| 
7 


n by way of a single 
these 


Rim on a recent journey to the Canyon, 
w a flash of black and white. The 


rer said it was a ‘‘ Kaibab squirrel, 
In alone do the ‘‘K 


+} 


squirrels show t 


0 species it is import 
animal peculiar to this area.’’ 
branches of a yellow pine we saw 
well—a striking figure with tas- tion im areas s 
| ears and a plump, dark body con- Associated wi 
sted with a long white tail. His geographically 
sest relative, the Abert squirrel, was way, are types 
said to be at home in the same type of munk, 
rest on the opposite margin of the along with oth 
of the Colo- Concerning 


touching barr 


vround 


on. Only the gorge 
io separates the areas in which they 
isture. But never does either member’ seem that the 
the family cross the gulf. eance as a 
re- and animals. 


No one who sees these two closely 
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extensions of the gorge give entrance to 
its floor. So far as means of travel are 

there is abundant 
tunity for animals of all types and sizes 
to reach the lowest level and climb the 
The torrential river is a 
hindrance, many could 
find their over it swimming. 
Others would be washed across on rafts 


of debris in periods of flood. 


econeerned. oppor- 


opposite bank. 
but 
way 


creatures 
by 


But when the trained zoologist makes 
his census of life in the canyon accord- 
ing to location, he discovers that many 
animals competent to move freely up 
and down or across do not take advan- 
A map of the 
distribu- 


tage of this possibility. 
whole fauna and flora 
tion corresponding largely to altitude 


shows 


and to physical and climatic conditions 
along the walls. In general, only the 
species of winged animals such as birds 
and bats extend across the gorge. 

The range of climate along the canyon 
shows the floor to be approximately 
twenty degrees warmer than the South 
Rim. In winter, one leaves snow above 
to pass down through spring into sum- 
mer. 
at the rim to find a zone of tropics be- 
low. Standing on the South Rim and 
looking into the valley of Bright Angel 
Creek, at the bottom of the gorge, there 
is seen a region of mesquite, acacia and 
cactus with environment of the desert. 
Looking across to the highest land of the 
North Rim, you discover an area clothed 
with beauty of pine, spruce and aspen 
forests. Each zone of altitude has its 
peculiar conditions of temperature and 


In summer you leave cool nights 
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of the gorge appears in the fact 
strata in which the canyon is « 
considerable part deposits su 
the floor of the « 
upper layer in the walls is 
largely of remains from s 
Included the 


sharks. positi 


only on 


are corals and 
The 
limestone, at 7,000 feet above t 
the South Rim, ranging to 9,0 
north and 
lower at the town of Kanab to 1 
of the Kaibab plateau, indicat 
mense change of position thror 


prese nt 


side, several thous 


and warping. 

While this movement of the st: 
taking place, or subsequent t 
stream cut its way across the n 
possibility of zones of physical 
developed as the region was bei! 
To-day the rocks of this area 
than two thirds of the habital 
in the atmosphere between sea-! 
the zone of an arctic climate at 
to 12,000 feet elevation. Thess 


climate were, so to speak, exposed 


river as it cut its way. 
Whether the 
there before the canyon was ex 
there these 
zones, with their possibilities of 
life, had not been developed 
squirrels had been present in t! 
at any level of altitude before th: 
was formed, gradually they wor 
found themselves 


or no squirr 


was a time when 


groups in areas divided by barri 
Or i 


favorable to intermigration. 
climatie changes occurred in th 


separated int 


of cutting the canyon the squirrels 
shifted their habitat until they a 
divided by a gulf of climatic diffe: 
corresponding to the magnitude 
chasm. 

The second assumption which s 


of plant and animal life. 

How these belts of physical condition 
developed and how they came to have 
each its peculiar life complement are 
questions involved in the inquiry 
whether the canyon and its climatic con- 
requirement, if we are to believ 
present distribution and differer 
the two types of squirrels are relat 


ditions always existed as we see them 
to-day. 
Some part of the answer as to history 
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vsical modification of the region, con- 
d evidence that animals have in the 
s¢ changed to the extent of difference 





This question we 


en these species. 





t answer fully by evidence at the 
data are 





most su 


nyon, but ovestive 
nted. 

In the same landscape which s! 

adjustment 






OWS US 





striking illustration of 





‘esent-day life associations to chang- 





topographic and climatic conditions, 
life 


geological 





see a tremendous spectacle of as 
was modified through the 

This record of the rocks presents 

of abundant life through a vast 
d, in which the kinds changed many 
times, and tended gradually to approach 
The strata in which 










types living to-day. 





se remains of animals and plants are 
the physical 


environment 





ried give evidence that 





nditions constituting the 






life varied markedly through geologi- 
|time. In a manner keeping pace with 


ese modifications in the physical world, 








the living things changed also. 





So in viewing the story of variation 
ind distribution of the tree squirrels in 
North Rim and South Rim 


comes always to the idea that the 






areas, 






‘count is most logical when seen as an 





xpression of many interrelated factors. 


\} 
i 






There appear to be included the influ- 





ence of physical changes which we un- 





derstand only in part, and of biological 
ovr knowledge 





concerning which 


iws 






may be even less clearly adequate. 


The more closely one studies the time 







anorama of the Canyon area, the more 





numerous are the problems raised re- 


garding history of the relation between 






life of the region and its environment. 





Among the factors presented we can not 





avoid recognizing the connection between 





development of existing zones of life 
spread upon the walls and the physical 
that produced the 
Whether or no this relation 

direct influence of these developing phys- 






Changes rorge. 





indicates 





OF 





, : 
ical eondi 


associations by wl t 
they at least illus dapt 
groups of living tl s to phys 
ditions as t val In 1 same \ 
it is difficult to unders d 1 clos 
lationship of species s learly held 
apart by sharp geogr * sey 
without assuming that topographic and 
climatic changes r 
tant factors concerned 

The present status of scientific | 
edge does not afford us evidence of ex 
perimental type indicatir e manne! 
in which the suggested 1 n b 
physical environment, varying through 
time, and changing biological characters 


We are at the 


which we 


has developed. 


in a stage at 
ean not dispense with an environment 
and yet do not know precisely what th 


influence of surrounding conditions ma 

have been. But certain it is t 

no one can stand before this scene wit! 
+} it | 


out being conscious of the fact 


the landscape to-day 


as we see 1t 1n 

mirrors the past and its changes. T! 

unity of nature so strikingly illustrated 
by intimate relationship between phys 

eal factors in this story is no less clear] 


expressed through linking of b ical 
features to each other, or to development 


of the physical world in and through 


which life has grown. 


We have seen a picture « 


as visualized by the scientist 

deep impression which eviden 

unity in operation of the forces in\ l 
investigator may not b 


makes upon the 


more important than that in the case of 
students of nature concerned only wit 
what is sometimes called the human point 
of view. 

In some respects it is difficult to dis 
tinguish the phases of thinking defined 


known as esthe 


as scientific from those 


tic 


or spiritual The stimulus which 
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drives a great constructive worker in 
sclence may separate itself only slightly 
from that 


in art or literature to what he considers 


influence leading the master 


his mission. 

The scientist takes the impression he 
has received from nature as the starting 
point for an adventure in securing and 
The ultimate result 
of his effort depends partly upon fidelity 
to the work of obtaining a knowledge of 
and 


significance of 


interpreting facts. 


reality, upon ideals rela- 
tive to the 
brought into relation to others. 


The great artist or the writer does not 


partly 


facts W hen 


set for himself merely the task of de- 
seribing form and feature of the thing 
he sees. He attempts to make clear also 
their meaning to him as an individual 
human being. In proportion to the ex- 
tent to which 


inaccurate he 


his painting of reality is 


fails. But he fails com- 
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pletely if his interpretation 
present a true expression of 
upon him, or its meaning t 
as typified in his personal un 
or feelings. 

It has been stated 
clearly than at the Grand C 


that nm 


evidence of interrelation in ele: 
unity of action impress its 
tist or investigator. Thr 


fa 


visualization of nature seen 


we come often to realizati 
when enlarged by the lens of 
the the pr 
something beyond V1s101 
fully reach. 
artist and writer have present 
that, in 
amples of unity in nature, v 


indicates 
that 
So, in various ot 


picture 


upon these 


looking 


may be only the shadowy 
things greater still, which n 


nor mind has yet been able to d 














By ZAY JEFFRIES 


PLASTICITY is the quality by virtue of 
a substance may undergo a per- 
nt change in shape without rup- 
In many non-metallic plastie 
rials the flow is essentially fluid 
clay, for example, consists of 
les which are or may be non- 
surrounded by a liquid. During 
ormation the solid particles move 
and the liquid conforms to the 
shape. The mechanism of the 
deformation of metals is, how 
quite different. Metals are crys- 
and plastie flow is the result of 
movement of one portion of a 
stal with reference to another, the 
ment being along crystallographic 
es. Although a number of non- 
erystalline substances possess 
is characteristic to some extent, the 
tals are in a class by themselves in 
Ss respect. 
The high plasticity of most industrial 
metals is perhaps more responsible than 
other quality for their wide-spread 
use. It is an essential property in the 
application of many metallic products 
and a necessary one in all metal-work- 
ng processes. Furthermore, since hard- 
ess is measured by resistance to plastic 
deformation, and methods or treatments 
lesigned to change hardness constitute 
large part of the metal art, plasticity 
‘sumes a major role on the metallurgi- 
1] stage. 
History does not record the discovery 
of plasticity in metals. The discovery 
it cold hammering increased hard- 
1The substance of this paper was presented 
fore Section M—Engineering, American 
Association for the Advancement of Science, 
Cleveland, Ohio, December 31, 1930. 








hess vever, cal hy 
inexpected but : 
When it was found tl 
i pk ( met ned 
straightening it ag ( 

he original softness, no doub 
another surpris In t 
history of the stu has i 
surprise aiter al r and t e! 
not yet 

Three of tl ir us i p 
determined in the tensile test 
plasticity; the elas imit ‘h rey 
sents the beginning of plastic flow 
per cent. elongation, and per cent 
duction of area. Torsion, shear, « 
pression and beam tests also inv 
measure of some form of plasti 
formation. In the process of brea 
a plastic metal by repeated sti 
considerably below the Stath té 
strength, plastic deformation of 
part of the section most highly stres 
not only takes place but it is intim 
associated with the path of rupturé 

Gradually through the centuries 
major facts regarding plastici 
become known as the result of manu 
turing, using and testing metals 
alloys. Certain treatments were { 
to affect the working qualities favor 
and certain other treatments 
found to affect Lavo! bly tne util 
Prior to the advent of the micros 
much depe ndability was attached to 
appearance of the fracture or ! 
A fine grain was needed for m 
trial purposes. Fine-grained m 
eould be drawn into wire wit! 
breakage and a higher degree of rou 


ness 


than 
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temperature favored ease of working 
but tended to produce a coarse grain. 
This led to low finishing temperatures. 
Some metals or alloys were found to be 
brittle at high temperatures and some 
more brittle at low temperatures. The 
practice early developed of trying a 
number of working temperatures for 
the purpose of ascertaining the most 
suitable range. It was learned that hot 
working could be carried on without 
hardening or without exhausting plas- 
ticity, but that cold working, especially 
the higher melting point metals, re- 
sulted in hardening and substantial 
exhaustion of plasticity. It was also 
learned that reheating such cold-worked 
metal would restore softness and plas- 
ticity. 

About fifty years ago there began a 
new epoch in these studies. The micro- 
scope came into use as a powerful tool 
with which to study structures, and 
physical measurements were undertaken 
with sufficient precision to learn some- 
thing of the minor changes accompany- 
ing plastic deformation. It was soon 
found that hot work did not perma- 
nently elongate the existing grains but 
that cold work did. Severe cold work 
would even elongate the original equi- 
axed grains into fibers, and reheating to 
anneal or soften was accompanied by a 
recrystallization and formation of new 
equi-axed grains at a temperature far 
below the melting point of the metal. 

About 1886, Bauschinger showed that 
a metal cold-deformed in one direction 
had its elastic limit increased with ref- 
erence to further extension in the same 
direction but decreased with reference 
to a load applied in the opposite diree- 
tion. This phenomenon is still a sub- 
ject for study and experimentation. 
Soon after this, Howe showed that rest 
and moderate heating intensified the 
strengthening effects of cold work on 
iron and mild steel, and Muir, in 1900, 


described these and additio 
ena, now referred to as 
He showed, among other 


iron immediately atter being 


deformed at room temperat 
tically inelastic no matt 
direction the stress is app 
phenomenon is now thought 
ciated with the presence of 
the iron or steel. 

Prior to 1899, minera 
studied the deformation of 
tals of non-metallic substar 


\1 


oes 99 
eliding, and M 


ealeite, by 
1895, had observed similar n 
in bismuth and antimony er 
remained, however, for Sir J. 
and Walter Rosenhain, in the |] 
lecture before the Royal S 
May, 1899, to put the slip mee! 
metals on a firm foundation 
During the past thirty years t 
been great activity in various | 
the world in the further stud) 
ticity. During the first twenty 
this period the studies were lars 
ried out with polyecrystallin 
and the x-ray was for the great 
of the period not available as 
assist with the interpretation of 
The studies were characterized 
ingenious use of the microscop: 
use of almost every available 
and chemical test. During th 
years methods for the preparat 
single crystals of various metals of 
cient size and proper shape for 
tests and the use of x-ray crystals 
sis have enormously stimulated tl 
ther study of the mechanism of 
deformation. The publications 
been so numerous and so extensi\ 
no attempt can be made here to gi 
references. <A fairly complete 
be found for the past twenty 
more in the Journal of the Inst 
Metals. <A recent résumé of the 
ture on translation gliding in cry 
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n prepared by Buerger and was 
pre} ; 
shed in the February, 1930, num- 


; 


tne Ameri an Mineralogist. 
Nearly all commercial metals are poly- 
line. Variation in grain size is 
ost important factor in connection 
plasticity. Grain shape and grain 
tation are also important factors. 
iid seem that these variations 

| have been sufficient to baffle the 
workers of the past, but of neces- 

: had to cope with the added 
‘ulties resulting from alloying. The 
tifie studies of plasticity are so in- 
d that I shall confine this discus- 
sion largely to single-phase metals. 
Between 1900 and 1910 some addi- 
discoveries demonstrating the 
btle nature of the laws of plasticity 
reported. Hadfield tested steels 

eh were ductile at ordinary tempera- 
tures and found them brittle in liquid 
ur Beilby exhausted the capacity for 
ngation on tensile test of goid, copper 
and silver by wire drawing and then 
und that all the wires so produced 
ad over 10 per cent. elongation when 
tested in liquid air. MHadfield’s and 
Beilby’s results seemed inconsistent 
ith each other, but the facts have been 
subsequently demonstrated beyond a 
loubt. It may be mentioned here that 
fine-grained iron or sorbitie steel retains 
iseful ductility in liquid air, but coarse- 
grained iron or steel becomes brittle at 
190° C. It was in connection with 
these studies that Beilby proposed the 
amorphous metal theory. He held that 
amorphous metal harder than erystai- 
line metal was generated on slip planes 
as the result of slip movement. This 


eory in the original form has been 
found to be quite untenable. 

During the same decade, tungsten, 
which was a notoriously brittle metal, 
was ductilized at the General Electric 
Research Laboratory. In its ductile 
state the original grains had been elon- 
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mately quantitative 


fine-grained metal was more di 
not only borne 


area on tensile 
to this belief. 

for example, quite 
perature, whereas fine-g 
extrapolation 
have been expected that a piece of 


composed ot a singie 


erystals of zine 
had ever been 
erained metal] 


many years, 


certain directi 
orientation of erystal axes, 
pacity for extension 
is practically zer 


vives a sort of 
city for extension in all « 
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possible controlled deformation as to 
shape and direction, and henee fine- 
grained metal meets commercial re- 
quirements. Consider, on the cther 
hand, a wire of zine composed of grains 
so large that each one comprises a sub- 
stantial portion of the cross-section. 
When wire drawing is attempted the 
first grain encountered which is un- 
favorably oriented for plastic deforma- 
tion in a direction parallel with the 
length may cause rupture. Thus 
coarse-grained structures accentuate di- 
rectional properties and non-homogene- 
itv and fine-grained structures, for all 
practical purposes, eliminate directional 
characteristics of the piece of metal 
taken as a unit. 

The study of the plastic deformation 
of single crystals of various metals and 
x-ray crystal analysis have greatly en- 
riched our knowledge during the last 
fifteen years. Hull pointed out that 
most of the pure metals erystallize with 
simple space lattices. Face-centered 
ecubie, body-centered ecubie and hex- 
agonal lattices are most common. The 
face-centered cubic lattice represents 
the most favorable arrangement of 
atoms for slip movement and the most 
favorable families of planes are those 
of greatest atomic density, namely, the 
[111] and [100] planes. In the body- 
centered cubic lattice, the [110] planes 
should be most favorable for slip. There 
has been some question as to whether 
the [110] or the [112] planes in iron, as 
an example of body-centered cubic lat- 
tice, are the planes on which slip actu- 
ally takes place. Most of the results 
are consistent with the idea that slip is 
usually on the [110] planes and at times 
conjugate [110] planes may cooperate 


to produce slip which appears to be on 
[112] planes. This point is, however, 
too involved to expound in the present 
discussion. In the hexagonal system the 
basal plane, that is, the base of the unit 


1 


hexagon, is usually the o1 
permitting slip. 

Not only does slip prefer 
lies of planes, but there 
ferred directions of slip al 
The planes and directions 
duced with surprising accura 
sidering the atoms as solid sp 
preferred directions corresp 
V grooves in a layer of tight 
spheres. 

Now comes another s irpr 
grains of a fine-grained meta 
outset randomly 
working in one 
rolling, will tend 
ments resulting from 
same orientation. This is ref 


‘preferred  orientation.’’ 
methods of working yield dil 
sults as regards preferred o1 
Still another complication arises 
metals which form mechanic 
during the course of plasti 
tion. Mathewson has greatls 
ened us on this subject, his mai 
bution being ‘‘Twinning in | 
published by the American | 
of Mining and Metallurgical E) 
Institute of Metals Division, 1928 
interesting observation with res 
twinning is that most of the 
deformation takes place by SLID 
ment the same as in metals whi 
no twins. The twinning is h: 
changing the orientation of the 
in such a manner as to facilitat 
Also, twinning has an importa 
fluence on the orientation of th 
after recrystallization. Mathews 
coarse-grained zine which had 
alternately worked and recrysta 
has been able to find, by x-ray a1 
the ‘‘generations’’ of twins corres] 
ing to each cycle. 

Inasmuch as most commercial 1 
working operations effect conside! 
elongation in one direction, pref 
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ut it seems clear that for some 
s it is not desirable. On the 
1d, preferred orientation in 
ingsten wire seems t be a de- 
advantage in eontrolling§ the 


} 


the recrystallized grains 


n of 


» filaments. Iron and steel have 
a sort of fortuitous immunity 
ier the tT 


ed orientation, 


rood or bad effects ol] 


at le: 
commercial 
s Work 


} 
A 
ee | ical 


ist with re- 


many 
’ 
’ 


iral steel and rai ng 18 


1 on above the upper « tem- 
ture while the iron is in the gamma, 
e-centered cubic p! is Pre 

orientation of the gamma grains 


ibt obtains, but on cooling through 
ritical range the gamma iron 
's to alpha or body-centered cubie 
approxi- 
random orientation. Alpha iron 


has heen worked 
the 


ps preferred orientation 


extensively 
critical temperature also 
This is 
eriti- 
of 


iin 


ated by annealing above the 
With the advent 


stainless steels wl 


mperature. 
ich ret 


imma phase at both high and low 


and silicon transformer 


‘ratures 


as well as certain high chromium 


irons which retain the body- 


and cold, 
eel-working art faces a problem in 
The same problem 
working of non-ferrous 


in the 


tals. Whether preferred orientation 


in fragments resulting from plas- 
desirable or other- 
it is clear that it must for special 
ses, at least, be put under control. 


rprises were also plentiful in con- 


ii 


with the types of fractures 


resulting from tensile tests of single 
stals. The wedge fracture is a typi- 


ne in metals crystallizing in the 
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The exter n t o1 
p he ma be ; ng |] l a 
fraction of an atom diameter up 
than 5,000-atom diameters. The sm 
movements may 0! be ¢ t 
some change in property, but tl 
slips can readily be seen 
scope. If a section of the met 
ished befor d rl 101 t 
movement may proauc¢ 1 a 
level between the portions he 
m elther sid s facilitating 
tion with the microscops Slip u 
plastic metals | D n studied 
manner In son s the s 
are very straight and in others 
lar. Some erystals show one pre: 
nating direction movement 
others exhibit sets of intersecting 


Particularly in single erysta 
there is a tendency for the 
planes or slip bands, as they ar¢ 


to be evenly spaced Ss me 


+ 


have reported that 


the spacing 
be farther apart the | 
oft 


deformation does not 


ture test for any given metal 


proceed 1n 


tinuous manner but actually takes p 


igher the temp 


=~ 


in steps or jumps. Some single crystals 
and coarse-grained metals give out 
sound, known as a ‘‘ery,’’ during defor- 
mation. This seems to be associated 
with the formation of mechanical twins. 
This suggests an internal shock when 
certain of the atoms make the slight 
shift necessary for twinning. Appar- 
ently external shock favors mechanical 
twinning because alpha iron which 
forms no twins on slow loading will do 
so on impact. Another surprise may be 
noted in this connection. Rosenhain 
found that if a piece of alpha iron is 
deformed, even a small amount by slow 
loading, and if then the deformation is 
continued by impact, no mechanical 
twins form. 

Perhaps some of the greatest sur- 
prises in the study of the plasticity of 
single crystals of metals have been the 
unexpectedly small loads required to 
permanently deform them. It is not 
difficult to ecold-draw copper wire until 
it has a tensile strength above 50,000 
pounds per square inch. In this condi- 
tion there may be very little ;ermanent 
extension in bringing the load up to this 
value. A single crystal of copper, how- 
ever, three quarters of an inch in diam- 
eter and long enough for a grip, can be 
bent without difficulty in the two hands. 
Hardening accompanying this deforma- 
tion can be easily detected because 
greater force is required to straighten 
than to make the original bend, and a 
second bending is still more difficult. 

It may be of interest to mention that 
tungsten filaments approaching single 
erystal structure are in general use 
because of their non-sag characteristics. 
At the relatively high operating tem- 
perature fine-grained filaments sag 
gradually as a resuit of their own 
weight. This general phenomenon re- 
ferred to as ‘‘ereep’’ is the subject of 
much study at the present time in con- 
nection with metals and alloys for use 
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at elevated temperatures. 
grained tungsten filaments t 
sagging has been traced to ; 
fluid flow at grain boundar 
grain boundaries behave as if 

amorphous. Naturally a gra 
dary displacement will force 


of readjustment on the erystals 


selves, and this may take 
slip or transfer of atoms 
grain to another. 

The rate of loading is an im 
factor in determining the e 
nature of plastic deformation 
metals. Coarse-grained tungster 
resist sagging for hundreds of | 
will deform if the lamp is bum 
fine-grained filament which sags 
in the course of time will! resist 
mation by bumping. These fact 
now very well understood, a1 
structure of filaments and met! 
mounting are controlled to prov 
sistance against both slow and 
loading. 

Studies of tungsten filaments 
provided some useful informati 
was observed years ago that | 
shaped filaments mounted horiz 
had about equal resistance to pern 
deformation at 1,350° C. no 1 
whether coarse- or fine-grained. 
this temperature the coarse-gra 
metal was superior and below 
fine-grained metal was best. 
change in the sag resistance of s 
erystal tungsten was not great wit 
crease in temperature. A _ fi 
which would not sag at 2,000° C 
not sag at, say, 2,500° C. In facet 
single crystal seemed to retain a det! 
but small elastic limit nearly up 
melting point. There seemed to b 
tle change in the elastic limit dow 
say, 1.600° CC. We observe here 
same characteristic as that just 


+ 


scribed in single crystal copper. 
not conceivable that the single cryst 





THE PLASTICITY 


hich had an elastie limit 
¢ zero at room temperatur 
had an appreciably low 
nit at say, 1,000 
es below its 
characteristic has 
in several other metals. 
ng the extreme soitne 
rystals of metals and the ver; 
ange in hardness with change _ distance 
erature (at least within certain atom diamet 
ture limits) it now see 
that the mere 
tly oriented single er 
n the properties of pols 
tals. The change in orienta 
es not seem adequate to account 
the results. Fine-grained metals 
y possess markedly greater elas- 
its and tensile strengths than the nt 
tuent erystals, but the properties liquid air the 
with change of temperature in a_ increased and 
nt manner. For example, Sykes any noticeable permanen 
| that a molybdenum wire com- Similarly, coarse-grai 
f a series of single crystals had more than trebles it 
same tensile strength (30,000 pounds and the elastic limit 
square inch) in the temperature’ even greater extent 
100 to 900° C., whereas a fine- to —190° C 


r 


d molybdenum wire had _ its 
| 
i 


eth reduced from 115,000 pounds als the more wond 
* square inch when tested at 100° C. appear. Hull attribu 
70,000 pounds per square inch at _ nature of erystals of 
C. This diserepaney is still rials to the ionic 1 
iter in molybdenum which has been In sodium chloride, 
rked below its recrystallization tem- sodium is supposed 1 
rature and which in many respects positive and chlori 
mulates a very fine-grained condition. On slipping one atom diameter positiv: 
The grain boundary effect is by no ions are brought opposite other positiv 
means confined to the boundaries them- ions and negative ions opposite othe 
es. This is illustrated nicely in negative ions with resultant 
Sykes’ experiments in molybdenum forces and ¢! Ther 
res, consisting of a series of crystals, posed to be 
+h of which occupied the whole eross- trons in no? 
‘tion for a short distance. During als are 
» tensile test the grain boundary por- electrons. 
ns remained undeformed and the what their 
rystals necked down, the greatest re- or in what manner, if 
‘tion of area being nearly half-way tribute to plasticity are qu 
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unanswered. Physicists are -188° C. with a 
a large amount of work in an_ space lattice. It is 


effort to explain metallic conduction of atoms should not be 


electricity. Any progress which they lattice as ions. 
make will prove helpful in the interpre- practically a non-conduct 
tation of plasticity. So far two ex- tricity. It would thus ap) 
tremes of electron arrangement have _ all the requirements for hig 
been proposed. The so-called classical unless free electrons are im] 
theory assumes the free electrons pres- few years ago I tested solid 
ent as a perfect gas and Lindeman has_ argon for plasticity and fou 
suggested the presence of free electrons brittle. It behaves like 1 
at space lattice points different from the metallic crystals. While tl] 
atom lattice points. The electron space prove that free electrons 
lattice is supposed to be related to the for metallic plasticity, it, t 
atom space lattice. Also the idea that strongly suggests some relati 
electrons simulate waves is being consid- Vhether we like a mecha 
ered to explain metallic conductivity. ception of atoms or not, the 
Any of these conceptions can be used to behave in plastic deformation 
account for the very low elastic limits are somewhat like solid spheres 
of single crystals if we assume that the lar shapes. May we not su] 
free electrons expand the atom space’ the atoms of argon in its eryst 
lattice. close together that slip moven 
Let us digress a moment to consider not take place without iner 
this point in more detail. Although distance between planes? 
high electric conductivity and high erys- words, the high spots of th 
tal plasticity are the common attributes one plane so closely fit the r 
of metals, it is clear that the two prop- groups of atoms of adjoini: 
erties do not vary in the same way and_ that slip is prevented. If 
not necessarily in the same direction. that free electrons in a metal 
It may be more than a coincidence that vided by neutral atoms, som 
the best conductors of electricity have the atoms, depending on the nu 
face-centered cubie crystals, which is free electrons, must be 
also the most plastic type of erystal. charged. This would provid 
A single erystal of tungsten has higher tending to hold the atoms apart 
electric conductivity in liquid air than normal place for a free electron 
at room temperature but has completely negative charge would be as far 
lost its plasticity at the lower tempera- possible from other free electr 
ture. Intermetallic compounds are between positively charged 
good electrical conductors, but they There is thus some reason to exp 
may be non-plastic. Also, single erys- electrons to increase the dista 
tals of intermetallic compounds may _ tween atomic planes and there is 1 
exhibit an extreme resistance to slip to expect such increase to acc 
movement. Tungsten carbide, for ex- only for the great plasticity o! 
ample, is as hard as emery. Such facts but also for some of the peculiar 
would lead us to suppose that there is vations with reference to tem] 
little relation between free electrons and _ effects. 
plasticity. Taking single crystals of tungst 
The noble gas, argon, solidifies at an illustration, we can visual 
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potential slip planes so 

st below the melting por 

ms on one plane do no 

1 adjacent planes with 

ww resistance to slip. As eon- 

occurs on cooling, a tempera- 
s finally reached at which the 
s approach the condition described 
rgon and, plastically, the crystal 
s much like argon. Of course the substantial 
attractive forces resulting in a room temperature 
melting point must have a potent I wish now to 


nce on the low temperature resis- surprises. Dr. Se 


to deformation and rupture. This about two months 


y one of many factors, however, single erysté 
will require evaluation for the wire form. 
‘ation of this subject. inches long 
type of space lattice is appar- inch in 
very important. Face-centered was in 
metals, as, for example, gold, sil- required to bend on 
copper, lead and aluminum, retain The elastic limit 
ity at very low temperatures, hardly measurable 
it is, below -190° C. Face-centered end of a specimen a 
: iron retains plasticity at low tem- made by a gentle fli 
ratures better than body-centered was not prepared t 
iron. In general, the body- state in magnesium, 
tered cubic metals do not retain low’ experience with single 
mperature plasticity as well as face- other metals. My 
<1 metals. Hexagonal rhombo- few days ago when on 
lral metals like bismuth and anti- nesium single crystal 
become brittle at temperatures -190° C. in liquid 
t far below their freezing points. I 't that it could be 
tested fine-grained and coarse-grained any effort. The elast 
no substantial 
—-190° C. and 


w years ago and found no plasticity. 
] 


concluded that the hexagonal space values could be « 
ttiee was not conducive to retention of measuring instrument 
isticity at low temperatures. In at-_ this material will bé 
tempting to gain additional evidence on in liquid hydrogen, 

is point, I tested a piece of commer- plastic at that tem; 


il magnesium wire and was rewarded tested in liquid 
with another surprise to find it quite In closing, I 
bendable at -190° ©. Mankind may physicists the 

ive cause to rejoice in the future be- of plastic defor 
use the two metals, aluminum and means of unlocking s 


+ 


ignesium, which have most favorable nature’s secrets of 


il 


lensities for aircraft use, can endure ture and properties of so 





UNSETTLED QUESTIONS CONCERNING 
MATHEMATICS OF CHINA 


By Professor DAVID EUGENE SMITH 


COLUMBIA T 


SINCE it is impossible within the rea- 
sonable limits of a paper of this kind to 
give a detailed survey of a subject so 
broad as mathematics, in a country so 
extensive as and throughout a 
period more than forty 
centuries, it is necessary to set up rather 
definite 


China, 
measured by 

limitations to be observed. 
limitations are further condi- 
tioned by the fact that I write not as a 
sinologue but from the standpoint of a 
historian of mathematics in general. 
These circumstances are, I take it, by 


These 


no means entirely unfortunate, since 
they impose upon me the duty of elimi- 

large amount of information 
which can easily be found in printed 
articles and books in European lan- 
guages, and afford the opportunity of 
calling attention to a few of those sub- 
jects relating to mathematics in China 
which require investigation as 
only a thoroughly trained sinologue with 
a fair knowledge of mathematics and 
astronomy should undertake. 

In the first place it should be said 
that the mathematics of the Orient in 
general has been concerned chiefly with 
puzzle problems which usually present 
but little difficulty when solved by 
modern algebra, these problems more 
often relating to mensuration or the 
valendar than to commercial practice. 
They rarely if ever touch upon the field 


nating a 


such 


of geometry as considered by the Greeks, 
and their theory of numbers is ordi- 


narily very primitive. Trigonometry 
was developed to a considerable extent 
by the Arabs, to a slight degree by the 
Hindus, and apparently not at all, as 
independent of foreign influence, by the 


Chinese. As to developing any great 


NIVERSITY 


mathematical theory, such as E 
geometry, a systematic study 
the theory of numbers (say 
perfect numbers, amicable nu 
properties of numbers), the 
algebraic equations, analytic 
or the calculus, China never 1 
a beginning that is at all worth 
ing. She showed marvelous p 
detail, in attaining results wit 
implements, and in constructi 
problems of no practical valu 
all this she was inspired by a 
for a subject which was, for her 
cal only to a slight degree. Unt 
ern influence appart 
mathematics existed only in tl! 
childhood—not that children ec 
the intricate problems she ofter 
that the problems were childis! 
tent, 
instinet of the race. 

While the native mathemat 
China was thus immature in 
the early histories were equally s 
this is what makes the history of 
matics in that country difficult t 
History and mathematics alike 
looked upon as means of entertal! 
not as branches of knowledge s 
eally conceived and constructed. 
modern historian seeks for aid 
‘‘Shu Ching’’ (‘‘Canon of Histor 
which tradition has asserted to 
oldest Chinese historical treatise 
able, he finds that the work is in | 
late forgery and that it contains 1 
formation before the second mille: 
B. C. that is worthy of acceptance 
is this merely the dictum of n 
historians, for already about the ce! 
the Ming Dynasty (1368-1643) H 


became 


appealing solely to tl 


| 
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ical data, pena 
igious prae : 
rds and sentences as we under- 
hese from 
ty.’7! 
more scientific 
ade by Yen Jo-cl 


result of wl 


The opportunity for altering Chinese 
s is seen to be particularly favorable 


n we consider 


this statement of Dr. 


1] + 
ui 


ections; 


fragments. 


discover 


pass d by i 
Hsi and Ho for 
the al 


ns. 


Modern skepticism concerning ancient 
$s is stimulated by the works of the 
From a contribution by Dr. A. W. Humn 
t Report of the Librarian of Congr 
28, Washington, 1929, p. 


ess for 


ure on Sinol 
nt Time, deliver 
re the North Chin: 


1 or 
iz, 1925. 


eking 


L inguas 
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divine tortoise upon the back of which mathematical texts as _ set 
there were found the lo-shu (the 9-called Chinese scholars, it may 
magic square) and the ho-t’u (another similar doubts have been « 
number arrangement used in divina- such western historians 
tion) illustrates even more clearly the Vacea and Loria, and by S 
uncertainty that exists concerning all nearly a century ago,° 
the ancient claims, for Hu Wei (1633-_ jnextricable confusion in t] 
1714), a eritical scholar, proved con- to Europe by the early m 
clusively’ that these diagrams (although Equally critical of tl 
not the names) originated with a certain leading hieterian 
Taoist priest named Ch’en T’uan who mathematies. the 
died in 989 A. D.* Thus a Chinese’ ghio Mikami™ 
diagram, long supposed to be one of the yeeards China. ‘‘ w 
earliest known in the field of numbers, when we trv to investie 
is less than a thousand years old. of the aolenee in remo 

Coming down to the historical period, o]q documents or recor 
the early writers stated that in the wantine.”’ 
Chou Dynasty (1122-249 B. C.) Wen The question of our debt 
Wang, one of the rulers of the princi- and medieval China. in th: 
pality of Chou, while imprisoned by the mathematies. therefore resolves 
cruel prince Chou Hsin for political largely into that of textual critic 
reasons, wrote the great classic, “‘I- of finding more source mater 
Ching’’ (I-king, *‘ Book of Changes’’), have relatively little trouble w 
this being based upon the pa-kua and pean texts, fon scholars can 
containing this diagram and the dia- detect at once any interpolations 
grams lo-shu and ho-t’u. As above sequence, either from the hand 
stated, however, these last two diagrams or from linguistic changes. It 
are not earlier than the tenth century estine to know that the C 
A. D. As to the book itseif, there is no already earrying on the work 
mathematical reason fof believing that begun in the seventeenth and eie 
the pa-kua is not ancient. While the  eenturies by scholars like Hua 
diagram contains the permutations of , 
? ‘ ®‘*Matériaux pour servir 
two things taken three at a time (repe- parée des sciences mathan 
titions allowed), this is simply a matter et les Orientaux.’’ Paris. 
of arrangement easily worked out by a_ II (consecutively paged 
printed works on orienta 
quire any mathematical reasoning. As “— Le a 


. semble que 
to the lo-shu and ho-t’u, although the § eypienx ae nou 
urleux af nous 

diagrams are relatively modern, there is examen tous | 


also no reason whv a description of titre que ce fit, dans le 


few rods, and does not necessarily re- 


S recits qui ! 


Aussi résulte-t-il de cette absence ¢ 


them or even the diagrams themselves Se a 
ld 21 we méthode, un péle-méle inextricabl 

; , eva ip 4 “ira ) ets) . 
should not have been worked out thre plus ou moins obscures, et de faits 


thousand years ago, there being no seri- _ toires.’’ 
ous mathematies involved. 11**The Development of Math 
Without further multiplying the evi- Chima and Japan,’’ Leipzig, 1913. 
dences as to the unreliability of the aoe ate Coveted to China. A isl 
: cluding most of those needin 
7In his ‘‘I T’u Ming Pien’’ (‘‘ Exposition was published in 1885, edited 


”? 


{ 
of the Diagrams in the Classic of Changes’’), For a translation and comment 
Hee, S. J., see Amer. Math. 3 


published in 1706. 
8 Report cited, p. 305. 502. 





Yen Jo-chu,, and 
authentic texts, in dus 
matical treatises 
fragments that ex! 

s encouraging for 
of Western si 
eritical 
v be ing made by Dr. 

, of the Library of C 
ng stated the difficuiti 
lich the future offer 
les may | 

eriticism, | 
problems 


thematiecs 


rst of the classics in this 
Is it not possible to date more pre- 
the ‘‘Chou-pei Suan-ching’’ from 
ou-pei arithmetical eclassic’’) an revised 
rious interpolations and ad 
+h we have evidence? The book is 


to us only through commentaries counters 


uncertain date, one of which i modern suan 
ier than the second century A. ‘iginal 
the well-known dialogue which 


seems to be of the twelfth 

since tl vork is said 
| ‘lation of 
right triangle, with geometric dia- 


have contained the 


ms, although no gener 
Pythagorean theorem, 
to know the validity of such a refer 
me six centuries before Pytl ag- 
s lived. Evidently that part of tl 
cue which relates to the sun’s orbit 
e winter equinox, and which shows 


ise of 3 for n, is a late interpolation, 


about how iate? It makes mention 


Lii-Shih l -1), a minister 


i asserts 
} 1 
; days and tha 


S degrees). { authentic, 
ments have a ‘aring not only 

n the history of the calendar but 
the relation of 36 erees in a 
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THE 


mathematical treatise of 

the Tstii Suan-e 
Arithmetical 
was formerly assigned to the 
G. have 


for 


$4 Glee. } ine’’ 


( Classic of Sun- 
Tei’? 


sixth century B. which would 


certain of its 
The learned Tai 
shi wed?” 


rendered it 


been very early 
mathematical features. 


(17 
af 


s irded 


Af 


Cheng 2 7), however, 
that the language 
impossible that it should have been 
written before the reign of Ming-Ti 
(98-75 A. D. What needs further in- 
vestigation, Sun 
method of 
equations and his work in indeterminate 
in we 
solve 
the 


mathematies, 


used 


however, is Tst ’s 


solving simultaneous linear 


or problems which 
these 


standpoint 


equations, 
would now 


Viewed 


history of 


by means. 
of the 
each of these 
is doubtful, although pos 
Aside from these features the work con- 
tains little that not found in the 
**Arithmetie in Nine Sections.’’ 

It is, of course, possible that the con- 
siderable number of problems in inde- 
terminate analysis found in the early 
Chinese texts are authentic and repre- 
sent a kind of mathematical trait of the 
people. On the other hand, knowing 
the unreliability of the early texts, we 
may reasonably doubt their antiquity 
and hope for a more careful study of the 
texts than has yet been given. In 
ticular, it is desirable to know if they 
the eighth 


(683-72 


from 


4 ‘1 
1S ssible. 


each 


is 


par- 


are certainly earlier than 
century, when I-hsing a 
Buddhist priest of the T’ang Dynasty 
(617-906), wrote on the t’at-yen shu, a 
method of indeterminate analysis. In 
his case, too, since he knew Sanskrit, an 


, 


interesting question arises as to how 
much of his T’ai-yen Calendar and his 


work in 


analysis was due to Indian 


sources. 

It is said that, in the same dynasty, a 
Buddhist monk, I Hang, gave a problem 
relating to the permutations of grains 
of wheat on This leads 
to very large numbers and raises a ques- 


12 Mikami, loc. cit., p. 25. 


‘ 
< 


1 chessboard. 
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tion that occurs much ear! 
tory of 
counting by myriads 
the 
alike. 


mathemat 
10 UU 


[indus ai 


oriental 


Greeks, 
It 
study to see how this devi 
perhaps through the 
327 B. C. and later), or pos 
some common 

No further 
need concern us for nea 


by 
would form an 
(sre 


Sumerian 
mathematic 
‘ly 
ries after the death of I-hsir 
then appeared a problem in 
Ch’én Huo (died 1075), pr 
the Astronomical Board, that 
investigation as to its authe 
is to find the number of casks 
piled in the form of a trune 
mid having 2? 
12? in the bottom layer, the 1 


The probl m 


kegs in the top 


layers being 11. 
and its interest lies in the facet 
a rule for 
been known in the ‘‘ Arithmet 

but not generally us 
that, if applied to a 
involves the summati 
and (3) that it 
to the problem concerning the 


its solution seems 
Sections,’’ 
after; | 
it 


power series; 


») 


Case, 
eannon balls, which becomes p1 
in the sixteenth century in Eur 
questions here involved may 
determination of the authenticit: 
text, and they suggest enough « 
justify careful investigation. 
Of all the works needing critica 
those of the thirteenth 1 fi 
centuries are the most promine 


an 
is not so much because of doubt 
their for they a 
enough to make changes in the te 
readily detected, but because 
obscurity of certain statements 
works of three mathematicians, | 
Chiu-shao, Li Yeh and Chu Shil 
These writers, living widely sep 


authenticity, 


13 On the chessboard problem see G 
**Note Cinesi,’’ Rivis 
Vol. VI, p. 135. The problem 
iliar medieval one of th¢ mber 


the sum of a geometric series. 


’ 
? ta degli stu 


nu rep! 


i 


THE MATHEMATICS OF 


thar 
»-anorner, 


solution of 
ingenuity than 
r predecessors in the 
ntuitive geometry. 
‘in Chiu-shao™ 
Sn-shu Chiu-chang’’ 
thematics’’ 
t’ai-ye n ¢ h?’ 
terminate analysi 
work of Sun-T'st 
d and of various other 1: 
work consists of 81 problems and 
it he gives some interesting eases in 
eory of numbers, areas, series, and 


is most important) the soluti 


numerical higher equations by 


thod which, in its basic principles, 
s to be that which Horner first used 
England in 1819, but about which 
the Chinese form there is consider- 
doubt. Indeed, in general, some 
eritical questions have been raised 
‘ting Ch’in Chiu-shao’s work as a 


For example, he gives a certain 


blem in measurement; from this he 
ns anumerical equation of the tenth 
which is very much more diffi- 
than the cubic equation which he 
ht have used had he been even a 
diocre geometer. He then states that 
root is 9, which does not satisfy the 
ition at all. What, then, was the 
ble? Did some copyist blunder, or 
that Ch’in did not himself know 
hat he was doing? 
He also states a numerical equation of 
fourth degree and gives a few num- 
rs used in the solution. Upon these 
is based the claim that he anticipated 
Horner’s Method, but this is little more 
in a conjecture." 
K ’ieou-C 
iHee. 
The question was ra 
by Professor Gino L 
Mathesis, April, 1920, 1 was further 
lered by Profess rR 
NTIFIC Mon THLY, Jur 
For a conjectural res 
nd the statement that 


f the celebrate: 
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As the thirteenth century was chang- 
ine to the fourteenth the work of these 
three scholars was advanced in a notable 
degree by Chu Shih-chieh.4* He wrote 
two treatises (1299, 1303) which repre- 
sent the 


mathematies 


advance in Chinese 


createst 


before the western influ- 


ence made any distinct impression upon 
this part of the world. This was not so 
their originality as 


much because of 


because of their later influence in the 
Kar East. 


sent an improvement in method rather 


They may be said to repre- 


than in ability to solve equations, but 
this improvement was precisely what 
was needed to complete the work of the 
thirteenth century. It should 
observed that Chu constructed an arith- 
metical triangle by which the coefficients 
of the ean be found, 
speaking of it as already known. This 
method is found in Baghdad at the end 
of the eleventh century, and may have 
come thence to China. 


also be 


binomial series 


further 
question as to the general exchange of 
mathematical knowledge between China 
and the South and West. This has often 
been considered in a genera! way, but 


Such a possibility raises a 


specifically, as regards the details of the 
The 
opportunities with respect to India and 
Those relating to 
and the Iraq 
We are all 


science, much remains to be done. 


China many. 
China both Persia 
revion were less numerous. 


were 
and 


aware of many intellectual contacts of 
China with her neighbors, of the influx 
of Buddhism, of 
scholars to 
Sanskrit 
several 


notable visits 
India, of the 


into 


several 
of Chinese 
translation of works 
Chinese, of the 
tending to Turkestan and 
India, and of the coming of the Nestori- 
ans, but what the specifie effects were 


conquests ex- 


northwest 


upon mathematics has yet to be discov- 


18 The Tschu Schi Kih of Cantor’s Geschichte 
der Mathematik, 4 vols., Leipzig, 1880-1908, 
with various revisions. Pére VanHee spells the 
name Tchou Che-Kie. 
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ered, and the search is 
hopeless. 


As to the 
mathematies 


introduction 

from and aft 
when the Jesuits arrived, this is ¢ 
known to need comment. We 

to consult H. 
primerie Sino-Européenne 
Paris, 1901), or the 
VanHee, 8S. J., in the T’ 
Serie, Vol. XV, p. 111) to 


; } 
» inthuence < 


( ordier’s wor 


Summ 


how great was tl] 
in the fields of algebra, tr 


and Here 
of originality hardly enté 


mensuration.?® 
indebtedness to western 
parent throughout. 
Summarizing the matters t 
sidered and omitting names 
we need the help of expert SI 
upon the following points: 
it. The autienticity of 


determined by a new a! 


study of the most (apparently 
manuscripts and block books ext 
2. The approximate dates 
texts and of any interpolations a 
mentaries, determined in the sa 


3. The evidences of foreign 
in such matters as the calendar 
lems, and methods of treatment 
tions, including those of the ind 
nate class and the approach to « 
nants. 

In all this work the historia? 
ern mathematics can 
probabilities as to dates, 


based upon his knowledge of E 


Arabian 


Indian, or achievements 


the other questions involved are 


experts in the study 


texts.*° 

19 See also his 
Monthly, Vol. 33 

20 One very hel 
tion is seen in 
of Etudes Ch 
nounces the fact that 
of Chinese mathema 


aration, 
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whi is almost a meatless bre 
h the breakfast of two de 3 4 
realize that meat has been replaced by 
sugar, mulik and fruit.—Tay - 
\ ina to C. Alsberg? ‘*‘A na- 
dietary which consisted entirely of 
iry foodstuffs, that is to say, a 
lly vegetable diet, would be one that 
be produced with the minimum oi 
>and the minimum of land.’’ 
Professor Taylor* has calculated that 
United States could support some 
) million people on a largely vege- 
n diet, in which cereals and legumes 
ld form the chief sources of protein, 
th only such animal products as could 
secured from inedible residues and 
rage on land not adapted to the rais- 
ing of primary crops.”’ 

The experience of the Chinese people 
is a good example that even an entirely 
getarian diet is adequate in every ré 

recently, of the Rockefeller Institut 

Medical Research, Princeton, N. J. For 

head of the S yy bean Research Laborat¢ ry 

Peking Union Medical College, Peking, 

‘*The Soybean as Human Food,’’ a 

graph published by the Bureau of Indus 

\ and Commercial Infcrmation, Ministry of 


istry, Commerce and Labor, National Gov- 


nent of the Republic of China, 2d ed., 1930, 





S J. Biol. Chem., \ixviii, 343, 1926; 
i ‘ 105 27 nd v ] 
ss | y of Ph Xeiv G5 10 

Of the Food Research Instit ite, Stanford 
sity From an article entitled Con 
n, Merchandising nd Advert g of 

7 ard Bus Re t II, 28 
Director of the Food Research Institute, 
St ford Unive rsity. From an article entitled 
e Effect of Scientific Food Consumption in 
reasing Wealth.’’ Ann. American Acad- 


f Political and Social Sciences, exv, 1924. 
‘From an article entitled ‘‘ The Future Food 


Supply of the United States.’ Bull. New 


rk Academy of Medicine, November, 1927. 
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its high nutritive value and the 
strong support given it by various scien- 
tific and business organizations and the 
U. S. Department of Agriculture with 
the Bureau of Home Economics. The 
American Soybean Growers Association 
is also doing its best to promote interest 
for this outstanding seed. 
The composition of common Ameri- 
ean varieties of soybeans is the follow- 


ing :® 


cent. 


extract, 


per 


per cent. 
Fiber, per cent. 


N-free 
As 


5.01 


5.97 


Mammoth 32.99 21.0: 36 4. 
to San 5 
Haberlandt 36.59 20.5: 4.00 5.78 
Guelph 7.43 33 22.7% 4.57 5.85 
Midwest 0 35.54 19.78 26 4.53 5.8: 
Kingston 7.45 36.24 18.96 26.28 4.79 6.28 


— ee 


The soybean is remarkable for its 
richness in protein, fat and mineral 
matter, as can be seen by comparison 
with other foods: 

Protein Fat 

Lima bean 18.1 1.5 

Eggs 14.8 

Lean meat 

Whole wheat 12.3 1. 

Milk 3.20 3.50 


) 
9 9° rd 
iv. ‘ 
‘ 


The soybean contains double the 
amount of the protein and calories pres- 
ent in beefsteak. 

The nitrogen-free extract of the soy- 
bean is composed chiefly of dextrin 
(3.14 per cent.), galactan (4.86 per 
cent.), pentosan (4.94 per cent.) and 
sucrose (3.31 per cent.). Starch is 
present only in traces,’ while in cereals 
starch is the chief ingredient. 

6 Data of the Tenn. Agr. Exp. Sta. 

7It makes the soybeans a valuable food for 
diabetics. See von Noorden; and Friedenwald 
and Ruhrih, Am. Jour. Med. Sci, exl, 793, 
1910. 
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complete protein 
essential amino-acid 
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human organism. G] 
ilar in properties to 
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Osborne and Mendel,5 
the soybean, unlike 
lezuminous seed. 
moting normal 
increases the ] 
blood (Horvath 

Rose and MacLe 
that the human organism is 
‘] 


three times as much nitr 


soybean food as from meat 
According to Dr. Tso, 
feeding babies. the soy be a 
comparable to cow’s milk 
cently forty babies were 
at the Department of Pe 
vard Medical School, for ¢ 
months and more, a di 
flour as the sole source 
and Stuart 
According to Dr. Kupelwi 


Soya flour proved to be 
hitherto unparalleled cheapn 
have no hesitation in maki 
that with it the white race 


t of 


very considerable part 


Ss pr 
ments, has been fully demonstrat 
tion experiments extending over 
earried out on children, the half of 
ri 


protein requirements was given 


form of soya flour. 


Refined soybean oil has been 


with other oils in a series of e 
earried on by the office of H 
nomics of the U. 8S. Departmen 


culture, and found to compare tf 


with the more common eull 
oils with respect to the th 
with which it can be assimilat¢ 

8 Of Yale University. See Jo 
xxxii, 369, 1917. 

2 Of Professor Sherman’s Nutrit 
tory, Columbia University. J¢ 
Ixvi, 847, 1925. 

10 Chinese Jour. of Physiol., 

11 Of the University of Vienna. 
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The percentage of 
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an essential 
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brain. 


the substance of 
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phosphorus 
H rvath 
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0.16 per They 
ntain an excess of fat in regard to the 
tio calcium: fat required for optimal 
and metabolism of 
supplemented by 


s 9G 


per 


around cent. 


s IS 


bsorption calcium 


ts.34 [If 
ur, reducing the percentage of fat in 


wheat 


he mixture, the soybean diet keeps the 
od calcium at a normal level (Hor- 
So far as we are aware, the soybean 
+} Ixr o 2h . " 
s the only seed which contains both the 
and the fat-soluble vita- 
(Osborne and Mendel; Daniels 
and Nichols).*° The presence of vita- 
mines A and D was demonstrated par- 
ticularly by Hornemann,’® and the 
itamine A content recently by 
Scheunert.*7 Both vitamines B* (B, 
and B,, otherwise termed F and G) 
ere found. The fertility vitamine E is 
12 Jour. Biol. Chem., lxii, 759, 1924~—25. 
Arch. Int. Med., xxxv, 492, 1925. 
14 As is the case also in excess fat milk. 
5 J 91, 369, 1917. 


xlix, 


vater-soluble 


mines 


ur. Biol. Chem., xxxii, 
Z. Unters. Nahr. u. 
114, 1925, 


Genussmitte l, 


it Fortschritte der Landwirtschaft, 3 Jahrg., 
24, 1928. 
18 The anti-beri-beri and anti-pellagric vita- 


mines. 
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also present (Daniels and Hu 
well as vita! ne ( \ d ( 
nated Ss ns I s (6c ( 
capacity of the | 1 (Horvat! 

it can be seen t rol point 
view of its chemi stituents 
physiological value and its richness 
vitamines, that the soybean occupies 
outstanding place among the fo 

Since it is quite difficult to b S 
beans to softness, they were used by t 
Westerners mostly in the for! fi 
20 per cent. of it | yr mixed w 
wheat or rye flour r both) in tl 
manufacture of bread, and good r 
were recorded. 

In this country, Johns and | 
using a soybean bread found 
the mixture of soybean and wheat pr 
teins 1s much better utilized than tl 
wheat proteins alons Comparis 
show that for the same amount 
consumed, the soybean bread d 
about two or three times as cient 
the wheat bread diet 


In Italy, extensive studies a ne 


line were conducted on men by P 
sor Duceceschi*™ of the Comm) 
Study of the Soya. 

Six normal individuals were kept 


Dueeeschi for a 
days on a sole die 
bean bread.’ 
was 739 gms of bread per capita wit! 
18a Jour. Biol. Chem., \xiii, 143, 19 
19 Of the Bu y, 
ment of Agriculture. Amer. Jour. Pi 


1921. 


4s“ 


455. 
20A 15 per cent. soybean bread of : 

flour’’ contained 13.3 per cent. prot 

used up to 25 per cent. of soybean 

bread. 

21 Director of the Physiological Inst t 
the University of Padova, Ita Atti de 
Societa Medi Chirurg 1 di Pad s It 
1927. 


22] 
cent, extracte 
of protein in ; 
the shortage of 


were used witl 
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‘ounded by order of Premier Mussolini. 


23 Military whole wheat flour. and 10 ps 
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protein content of 97.3 gms and 2,940 
calories 

The utilization of this 10 per cent. 
soybean bread was: 


Total absorption of the dry 


72 per cent 
Total absorption of the calo- 
ries 03.84 cine 
Nitrogenous substance 83.90 ** es 
Fat 94.13 ‘* sles 
Carbohydrates 96.59 ‘* 
Mineral substance 68.60 ‘* ee 


The conclusion was: 

The research performed on human individ- 
uals on the intestinal utilization of the nitrog- 
onous substance and its relationship to the 
metabolism of nitrogen during a sole diet of 
bread containing 10 per cent. of soybean flour 
demonstrated that this bread was in appear- 
ance, digestibility and utilization equal to a 
bread from only wheat of best quality, having 
the advantage of containing a higher per cent. 
of nitrogenous substance. 


A sole diet of a 20 per cent. soybean 
bread** was tested on two normal indi- 
viduals for a period of five days consist- 
ing of 831.5 gms of bread, containing 
127.6 gms of protein and 
ries per capita per day. 

The utilization of the 20 per cent. 
soybean bread was: 


9s oreo 


3,272.8 ealo- 


Total absorption of the dry 


substance 92.41 per cent. 
Total absorption of the calo- 

ries 92.48 ‘* ee 
Nitrogenous substance — | = 
Fat 95.70 * e¢ 
Carbohydrates 97.01 ** se 
Mineral substance 63.53 ‘*¢ ee 


Although the assimilation is in this 
ease slightly below the preceding, the 
figures lie, according to Ducceschi, 
within the satisfactory limits for white 
bread. 

The general conclusion of Professor 
Dueceschi can be quoted as follows: 
‘The soybean flour, if added to bread 
or other nutritive food preparations, is 
going to become a valuable supply of 

24 Supplemented by 25 to 30 gms of butter, 
as in the previous experiment, since the soy- 
bean flour was deprived of oil by extraction. 
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cheap protein for the 





the people.’ 





Before the war, around 






extracted soybean flour 





daily by the bakeries in Ha 





} 


many, for bread and, since 





per cent. soybean bread is su 





Hamburg to hospitals, as) 





other publie establishments 





the authoritative words of P 
Neumann,”® ‘‘The heads of t! 
were unanimous in their pra 







bread, since there was nothi 






for in regard to taste and uti 





The manufacture of a simi 
cent. soybean bread was begun 






also in the coal-mining and ji 
districts of Bochum, Dortmnu 
Diisseldorf in the Ruhr G 
Here the soybean bread is of part 
importance for greater effici 
museular work, due to the hig! 












logical value of its protein, the 
in phosphates, and the alkalinity 





ash. It was shown recently 
administration in the morning of 
phates on days of hard exerti 
edly relieves fatigue.** And it is ; 
established fact, too, that muscular 
lowers the alkaline reserve of t 
by floating the blood with la 
ete. Ordinary bread (wheat, ry 









others) is acid forming in itself 
addition of the physiologically : 
soybean flour to it is thus contri! 
to higher efficiency of the work 

Complete metabolic experiment 
garding the utilization by men 

25 Of the Hansa Mill, Hamburg 

26 Director of the governmental 
Institute in Hamburg, the largest instit 
its kind in Germany. Archiv fiir Hy 
1, 1928. 

27 The addition of 10 per cent. extract 
bean flour to a wheat-rye flour (60 | 
rye and 40 per cent. wheat) of 70 
milling yield raises its protein content 
to 8 per cent. 15 per cent. soybean 
brings the protein content to 10 per cent 

28 Muscular work is accompanied by a 


+ 


phosphates derived from the muscular tiss 








ad 
by Professor Neumann, director 
Hygienie Institute in Hamburg, 
n normal individuals for periods o 
{to 5 days. Various flours were 
A 20 per cent. bread baked 
extracted soybean flour of the 
Mill) showed 79.61 per cent 
tilization for protein, 95.91 per cent 
tion for carbohydrates and 91.75 

- cent. utilization for calories 
Numerous soybean flours have been 
the markets of Europe and the 
States for the last fifteen years, 


none of them, with one exception,”® 
n claim to have met with real success 

r the following reasons: 
‘] 1. Whole ground bean flour has a 
liar beany taste, and can not be 
pt or transported on account of its 
pid deterioration. It acquires in a 
ry short time a bitter taste and a re- 

wnant flavor. I 

1 its fat soluble vitamines (A and D 
destroyed. Such a_ deteriorated 


ts oil turns rancid 


ur, if ingested in any form, is toxic, 
uuses disturbances of the digestive 
r tract and destroys the fat soluble vita- 

ines ingested with other foods (Fred- 

‘ia). It was found by experiments 

albino rats that the longevity on 

nd 1 whole soybeans is greater than on 
ground whole soybeans. 

2. Soybean flour prepared from press 
ke is subject to the same criticism, 
ts 1 since the press cake still contains 5 to 8 
per cent. of oil. Such a flour deterio- 
rates even more rapidly, due to the ex- 
‘ess of moisture and the more thorough 
breaking up of the bean cells. 

3. Extracted soybean flour is not sub- 
lect to rancidity more than ordinary 
r cent wheat flour, since most of the oil is re- 

ved. But such a flour has the pecu- 
lar beany taste and is deprived of the 
ighly valuable constituents—the leci- 
thin and the vitamines A and D. Be- 
2° Berezeller’s soybean flour. 


They are all extracted with the oil. 
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special process of milling, combined with frac- 
tional distillation, whereby the obnoxious con- 
stituents can be removed and a meal of high 
nutritional value obtained. This special soya 
meal forms a slightly yellowish flour of agree- 
abie and appetizing appearance and a faint 
almond-like taste. It differs from the product 
obtained by the simple milling of the bean in 
its complete freedom from bitter flavor and its 
capacity of being stored practically indefinitely 
without turning rancid (Professor Parsons) .33 


A sample of Professor Berezeller’s 
patented soybean flour ‘‘Soyolk’’ was 
analyzed by the writer and gave: 


Water 7.37 per cent. 
Fat 19.64 ‘* a 
Lecithin 138 <¢* ‘é 
Protein 42.12 ** si 
Nitrogen-free extractives 23.40 
Crude fiber’4 1.33 «6 ‘6 
Ash 4.76 ‘** sé 
Total 100.00 per cent. 


According to Dr. Kupelwieser,*° 1 kg 
of ‘‘Soyolk’’ flour is equivalent in calo- 
ric value to 3.63 kgs lean boneless beef, 
or to 57 eggs, or to 6.5 liters of ecow’s 
milk, while, in respect to protein con- 
tents, 1 kg soyolk flour is equivalent to 
2.05 kgs lean boneless beef, or 67 eggs, 
or 13.7 liters of ecow’s milk. 

Berezeller succeeded in freeing the 
soybeans of their specific taste, and in 
retaining their fat in a condition in 
which it is not liable to turn rancid, as 
stated by Professor Durig*® and others. 
This phenomenon can perhaps be ex- 
plained by the elimination during the 
process of distillation of some volatile 
fatty acid acting in untreated beans as 
a catalyzer for the oxidation of oil. 

Eggs and fish roes are perhaps the 
principal source of lecithin®’ (organic 

83 From an article entitled ‘‘The Use of the 
Soy Bean in Human Nutrition’’ in The Lan- 
cet, eexii, 267, 1927. 

34 The low fiber content is due to the removal 
of the shells from the beans before their being 
treated. 

35 Of the University of Vienna. 

86 Director of the Physiological Institute of 
the University of Vienna. 

87 Milk and butter are deprived of lecithin. 
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phosphorus) but ‘‘Soyolk’’ f 





tains more of this valuable « 





than any other vegetabie 






when one considers its price, 
found that it is a cheaper 1 
obtaining this nerve and brain { 








eggs. One pound of ‘‘Soy 





contains lecithin equivalent 





Berezeller’s flour does 1 





obesity in spite of its high fat 





a fact due to the peculiar qua 
lecithin®® and oil, which e 






organism to utilize them in tl 





and tissues instead of storing 





fat depots. This was confirm 





writer who found a higher k 
tent in the heart and liver of 
fed Soyolk flour.*® 


Soyolk flour contains also t 








fat-soluble vitamines A and JD. 


are deficient in the food of 






race. Recent studies by Seifr 





shown that if the diet is def 
vitamine <A, a _ degeneration 







glands of the body is taking pia 





mucosa of the nasal cavity and 1 





tory tract is finally desquamated 





way to a secondary bacterial im 






resulting in severe rhinitis, si 






tracheitis, bronchitis, ete. ( 






tivitis is also very common. SS 





} 


changes are observed also in ot] 






organs. Professor Van _ Leers 






found in vitamine A deficiency ca 
tion of the epithelium of the kidn« 

Haugue found recently an indi 
of the existence of a close physiol 





relationship between the yellow 
and the formation of vitamine A 

88 Hesse found that lecithin of 
origin does not produce obesity. A 
showed that lecithin is in charge of th 
port of fat in the body. 

39 Professor Kafemann is recomn 
since 1913 the use of soybean flour for 
ment of alcoholism. This investigator 
that the heart muscle of alcohol-int 
animals contained only one half of th 
of lecithin present in the hearts of nor? 
mals. Allgem. Med. Centr. Zeit., No. 41, 

40 Of the Netherlands Institute of Nutr 
Amsterdam, Holland. 
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yoint of vie 


nresence of vitamine A in Soyolk 
} 2 ++ awntrzanlar) 39) 
nders 1 particularity vaiua 

’ 


neers, miners and lactory Work- 


sed to sudden changes in tem 


dust. excess moisture, ete., as 
ases their resistance to the dis- 
or tine respiratory tract and par- 
irly to sinus troubles. On account 


ts yitamine D content, Berezeller’s 
Sovolk flour is of special value for 
ndoor’’ persons who are deprived of 
beneficial effect of the ultra-violet 
ition of the sun (working in under- 
ind galleries, under roofs, in build- 


rs with windows of ordinary glass, 


The physiological alkalinity of the 
of Soyolk flour and its richness in 
sphates renders it highly valuable 
miners and hard muscular work in 
eral, relieving fatigue and thus in- 
sing their efficiency. 

Professor Van Leersum (Amsterdam 
ved, in 1929, by direct experiment 
Berezeller’s Soyolk flour is rich in 

e vitamine B., indicated in this coun- 
as vitamine G.*? This vitamine is 
particular interest to this country 

since it is capable of preventing a dis- 
ease called pellagra, which has been, 
since 1906, a horror to the South. In 

e springtime, it strikes people whose 

inter diet has been confined too closely 

corn and pork.** It is of importance 
notice that in China where soybeans 

41 Soyolk flour has found a large market in 
and among the manufacturers of margar- 
The oil, lecithin and vitamines A and D 

e extracted from it by means of a solvent, 

nd this extract added te margarine, rendering 
rich in vitamines and lecithin. The oil ex- 
tracted from Berczeller’s Soyolk flour is in 
ity and taste superior to refined bean oil, 

h is, besides, deprived of vitamines and 

n. 

42 The growth-promoting vitamine, 

‘8 Special attention was given te vitamine G 
he program of the meeting of the Ameri- 


n Chemical Society at Atlanta on April 7. 





carbohydrates 


lowing conclusions drawn: 
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extension of the soya consumption be material- 
ized in the near future, and this can be accom- 
plished chiefly by subsidizing the extension of 


soya consumption by the state. 


Berezeller made a noble gesture in 
making a gift of his patented procedure 
in Hungary to the Children’s Welfare 
Society of that country. At present, 
factories manufacturing’ Berezeller’s 
flour are also established in Austria, 
Germany and England, and the intro- 
duction of Soyolk flour has met every- 
where with great success.*° 

Among the various methods of using 
Dr. Berezeller’s ‘‘Soyolk’’ flour, in pro- 
viding human nutrition, its use in bread 
making is undoubtedly of the highest 
importance from the point of view of 
the hygiene of nutrition and also of 
social economics. 

Soyolk flour has about four times as 
much protein as the cereals, and twice 
as much as the pulses. The contents of 
fat is fifteen to twenty times higher in 
soyolk flour than in wheat or rye flour. 
It is impossible to make bread from soya 
flour only,*® but it serves to enhance the 
nutritive value of bread and to improve 
the quality of bread from a technical 
point of view. 

Very small quantities of Soyolk flour, 
blended with the ordinary white flour, 
result in a flour mixture which pos- 
sesses all the physiological characteris- 
tics of dark wholemeal flour, and bread 
made from it surpasses the nutritive 
value of bread made from whole wheat. 
Its flavor, taste and bloom are the same, 
if not superior to white bread. For 10 
per cent. bran,’ one can substitute 5 
per cent. of Soyolk flour in white flour 

45In Italy, Mussolini declared to Dr. Bere- 
zeller his intention of introducing legislation 
to compel the use of soya flour in the manu- 
facture of polenta, the staple maize food and 
bread (cit. by Hay). In the United States the 
building of a Soyolk factory is under way. 

46 Due to the absence of gluten. 

47 Wheat bran contains: protein 16.85 per 
cent.; fat 5.22 per cent. Soyolk flour contains: 
protein 42.52 per cent.; fat 20.24 per cent. 


and obtain a bread with 


2) 4 
cent. more protein and 23 per « 
fat. Through using soya 


breadmaking, we not onl\ 


protein value of this vital p 


food. but, at the same time, 
tute the more expensive dail: 
animal protein. 

F. A. Richter, baking expert 
Nutrition Laboratory of Vien: 
extensive experiments in the | 
and partly in the factories 
examine the various processes 
making by using certain per 
Berezeller’s Soyolk Flour. H 


. 


ment follows: 


We took special care not to dev 
customary flavor, taste and outside 
of the various kinds of bread used 
countries (England, Scotland, Walk 
France, U. S. A., ete.). In none of 
methods of making bread by adding 
in the above proportions could 
change in flavor, or texture, be dis 
the bread. On the contrary, it 
flavor of a Viennese roll and gave 
ing appearance. We can say the sar 
dark loaf of Germany, of the Amer 
cracker biscuit and the Englisl 
loaf. 

In the same way we have exan 
and black breads fermented with 
leaven, and in making rye, wheatm« 
bread, etc., in the different ways. | 
parisons with and without the new s 
flour were recorded, and every impart 
could observe an improvement in the q 

With such small additions of SOV 
is not at all necessary to alter in any 
method of fermentation or of baking 
the technology of baking, we find t! 
ing advantages by the use of the 1 
flour: 

l. Very small additions of soya 


4] 


hance considerably the keeping qualities 


bread, owing to the higher quantity of 


} 


and fat. These last qualities can also 


served in milk bread, and this is th 
why addition of fat is recommended 
observations have been testified to by 


number of bakers and by official expe: 


in the chemical institutes of Budapest 
2. The Berezeller soya flour has 


+} 


stronger water-absorbing capacity 


nary flour. In proportion to the addit 
new soya flour, the yield in dough and 


ul 
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S larger one, In ¢a ri value the 
) i is still higher than ordir bread. 
W so note a saving in veast, as the new 
ds fermentation, | st Ss l 
S the I vhy+ qu y es oft + y at 
. rishment for the veast 
new sova flour gives t the il i 
bloom and a pleasant tasting cruml 
st This is due to the larg: t ¢ 
if in the soya flour 
; S¢ ifs r t ns of e s i 
I . h the dark rye r for t king of 
is, which are cust il n ir is 
I countries and in Russia, results in 
bread of remarkably ghter color in t 
nd crust. The demand for whiter and, 
-; same time, more sustaining bread can be 
S 4 quite inexpensive wa) 
vy pleasantly fl red nd ¢ ligested 
s can be produced to supply e daily and 
wants of proteins and f for the 
roper nutrition of man. These breads hav 
ible keeping qualities and are especially 
e for the manufacture of such kinds of 
or similar articles, which are an integ 
“ t of the provisions for expedit ns 
et In milk bread and in practically 
kinds of fancy bread and rolls, where th 
soya flour can substitute a substantial part 
he milk, an addition of 64 to 18 per cent, 
new soya flour is to be recommended. 
nutritive value of such milk bread is supe 
rior to bread made with cow’s milk. The 
siological qualities and the taste are en 
tir substituted. Extraordinary savings are 
1 in the produ tion of all kinds of small 
goods, such as fancy milk tea cakes, rolls, buns, 
or anything of this nature. We not 
save milk, but also yeast, malt and fat 
economical factor enters into the busi 
of the baker and pastrycook, both for his 
benefit and the benefit of the consuming 
Richter further extended the study of 
the uses of Soyolk flour for the manu- 
facture of biscuits, pastries and confec- 
Ss ort tlonery goods, chocolate marzipan, cus- 
tards, vermicelloes, macaronies, ete., and 
- worked out a number of very good reci- 


pes. In Richter’s opinion, Soyolk flour 
‘acts as a perfect substitute for eggs, 
48 The addition of soya flour to pressed ve ast 


s being successfully tried in this country 

some companies. Sova flour is also in 
rted in the patented yeast powders for the 
iking industry, shortening th 


t bread. 
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Ol purine bod! 


development of 
In Vienna, 
ederal Institute for Home Economics, 


undertook the study of the application 


of the Soyolk flour to cooking. Soon a 
large number of recipes were produced, 
the principal of which were soy-soups, 
meat dishes, cakes, fish salads, pancakes, 
ete. 

In this country, the Bureau of Home 
Economies of the U. 8S. Department of 
Agriculture elaborated a long list of ex- 
cellent recipes including common soya 
flour a few years before the Soyolk flour 
became known. These recipes are only 
gaining if Soyolk flour is used 

For conelusion, the authoritative 
opinion of Professor Durig is quoted as 
follows: 

If soya flour can be suecessfully supplied in 
such a way that it really does not deteriorate 

1 For further references on this subject, see 
articles by Fridericia in the Journal of Bio- 


‘ 


logical Chemistry, |xii, 471, 1924: by Hill and 
Stuart, in the Journal of the American Medical 
Association, xciii, 985, 1929; and ‘‘The Soy 


bean’’ (1923) by Piper and Morse. 
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human beings who had recovered from 
the disease also possessed a considerable 
amount of antibodies. Doctors Zingher 
and Neal from my laboratory used this 
convalescent serum extensively in New 
York in the epidemic of 1916. To Dr. 
Zingher it seemed to give striking effects 
in the eases when it was given before 
paralysis had developed. The paralysis 
usually not appearing in such eases. 
Dr. Neal was less certain as to the value 
of the serum. 

Lately Dr. Aycock working with Dr. 
Rosenau and other members of the 
Massachusetts Infantile Paralysis Com- 
mission and the International Commit- 
tee For The Study of Infantile Paraly- 
sis, Whose work has been financed by Mr. 
Jeremiah Milbank, has used it very ex- 
tensively in the metropolitan area about 
Boston, and believes with Dr. Zingher 
that it gives very striking effects. Al- 
most everyone doubts the value of the 
antiserum if it is given after paralysis 
has developed. Not only Dr. Ayeock in 
Boston but Dr. Weyer in my laboratory, 
discovered that a large proportion of the 
adults and older children had this anti- 
body. This discovery indicated that the 
virus was widespread for as far as we 
know, these specific protective substances 
only develop after an infection. I say 
infection, not a definite disease. For in- 
stance, we know that in an institution 
in which diphtheria has developed, that 
besides the few cases which had de- 
veloped diphtheria, there were a great 
many others who became immune as 
shown by the Schick test. If cultures 
are made from time to time during such 
an outbreak from the throats of these 
children, many show diphtheria bacilli. 
That is they were infected but the infec- 
tion had not gone far enough to produce 
actual clinical disease. Again we know 


that many persons have the germs of 
pneumonia in their throats. Some of 
these are healthy, others have a tonsilitis 
or a rhinitis or occasionally a pneu- 
monia. The same we believe to be true 


for infantile paralysis. The vi 
ably spreads to many persons 
in some almost no disturbance y 
in others a little irritation of t 
membranes. In only a small p 
of these persons does infecti 
the spinal cord and to the spe 
cells which influence muscu 
These are the only ones whic} 
paralysis. We believe it is for t 
son that older persons becom: 
and the disease is so liable to bi 
confined to young children 
infantile paralysis is more ot 
demic in this country, we be 
germs in other than epidemic tir 
less virulence, so that only a vel 
sional child develops the dis 
the majority of persons becom: 
Can we do anything to stop t! 
of the disease? Something but 1 
much. There are certain things 1 
know. The infection is spread 
infected secretions of human bei 
nasal secretions, the throat sec: 
the intestinal discharges. This 1 
when expelled from the human | 
mains alive for some days or wi 
two instances the virus was tran: 
to a few children in raw milk 
comes in contact with the mucous 
branes of very susceptible childre 
light infections and some sever 
will probably develop in a fair p 
tion of the cases. We try there! 
limit as far as possible, the cont 
those who may be infected wit! 
who are not infected. Theref 
treat any case of infantile paral) 
the same way as we would a ¢ 
diphtheria. The secretions fro 
eyes, the nose, the mouth and the 
tinal discharges are immediately 
fected. The one who nurses the 
abstains as far as possible from ming 
with healthy children. We hav 
valuable experience that children 
institutions which are carefully is: 
during an outbreak of infantile p 
sis rarely become infected, whil 
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Bacteriologists working under the In- 
ernational Committee for the Study of 
Infantile Paralysis have been trying to 


d some curative drug 







remedies and 





nave made some progress but none sufti- 





ciently definite to be employed in rou- 
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Infantile paralysis almost 
the intelligence. The injury done is « 
fined to the nerve cells and 1 mus 
fibres supplied by them. Usua 1 sm 
or a larger group of muscles is who 
or partially affected When the « 
valescence is established w try tT 
what we ean to strengthen the mus 
fibres left intact In a muscle or t 
is impossible we try to accustom ot} 
muscles to take over to some extent 
function of those injured. It was 
covered that those who have suffer 
from muscular atrophy because 
ralysis can be benefited by exercis 
while in the water Almost « rvone 
the United States knows that Frank 
D. Roosevelt, the Governor of New Yor 
suffered in the prime of his man! 
from an attack of poliomyelitis, and thi 
he has succeeded largely in ov ol 
its ill effects. Naturally being symp 
thetic and knowing of his own strugg 
to reeover and the value of exer 


while in bathing he createc 
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suffering from the disease may utilize 
the warm spring water to bathe in and 
under expert instruction learn to de- 
velop muscles which before they had be- 
lieved to be useless. Of course only a 
certain amount of improvement is pos- 
sible in bad eases. 

Public Measures In many cities one 
or more trained physicians have been 
appointed to go to children who are 
thought to be developing infantile pa- 


ralysis and there to look for some or all 
of the following symptoms, headache, 
drowsiness, vomiting, diarrhea, fever, 


pain and stiffness in the back of the 


neck and spine, general hypesthesia and 


irritability. If a sufficient number of 
hese symptoms are present, a spinal 
puncture is made and some spinal fluid 
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WEIGHT REDUCTION 


By Dr. FRANCIS G. BENEDICT 


TOR OF , me RITION LBORATORY, 


BO ON 


THE weight reduction wave that 
threatened to reduce all our young 
women to ‘‘bean-pole’’ outlines a year 
or so ago has happily_in part receded, 
yet even to-day the interest in weight 
reduction is so great that the lecturer 
on physiology, medicine or nutrition has 
but to introduce the words, ‘‘ weight re- 
duction’’ at any part of his discourse 
to change a quiet, sleepy group into an 
eager, agitated, expectant band of zeal- 
ots, all on edge to secure any last- 
minute advice on the methods of losing 
flesh. To paraphrase a_ well-known 
text we may say, ‘‘Some people are born 
fat, some achieve fatness, and some have 
fatness thrust upon them.’’ At the out- 
set it is well for the body to be well 
nourished but not too fat. Babies are 
usually well nourished. One seldom 
hears of any effort to make babies thin, 
although after they begin to be fed arti- 
ficially there may be over-feeding with 
an over-fat baby. In the period of 
youth and adolescence there is usually, 
especially with boys, such a tremendous 
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amount of surplus energy 
activity that there is ordinari 
lem of weight reduction \ 
too, in the grammar and hi; 
little difficulty arises. On 
occasion to wait at the front 
large high school for girls, 
700 pupils. Not five of thos 
out of the doors could have b 
up as being decidedly too tat 
But now, as to those that 
ness. The girl who gives up 
tomboy activities for mid-V 
repose and gentility begins 
trouble. She loves sweets; 
delicacies and goodies just as bef 
the exuberant activity of the earl) 
has by convention been repress 
love for sweets has not been r 
and in goes the food and ther 
the former outlet for the ener 
patient now begins to acquire 
and the fight begins. Frankly, 
years of age the question of over 
is a matter chiefly of fashion, 1 
extra plumpness is from the sta 
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“acdinallx al 7 
goes on gradually, I might almost say 


sidiously, until the weight increases, 

girth increases, the creases increase, 
and there you are. 

You may not 


te it or you may wilfully disregard it. 


All this is not sudden. 


You may say, ‘‘Oh well, in the spring 
I’]] get out and work it off How will 
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the bathroom scales help us in this mat- 
ter? If you have bathroom scales use 
em at least once a week. If necessary 
write down your weight and watch the 
changes. Pay no attention to sudden 
anges either up or down. Let us see! 


What about sudden changes? Perhaps 


the most remarkable instance of a sud- 


den change in weight that I ever knew 


f was that of a football player who on 
a warm fall afternoon lost 14 pounds 
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chance has the untrained, soft non- 
athlete to work off any material amount? 
Work means heat. The heat is derived 
from food or from body substances, so 
that by working one does work off body 
substances, but as we have seen, in very 
small amounts. 

To come back to our ounce of fat, let 
us make it rather than an ounce, a pat 
of butter, about one third of an ounce. 
This one third of an ounce yields a cer- 
tain number of calories when burned in 
the body. Now if this one third of an 
ounce is taken in excess of the daily 
needs, only a little more, to work off 
that particular extra pat of butter taken 
on that particular day you would have 
to do work equivalent, for example, to 
a walk from the bottom to the top of the 
Washington Monument. 

The best way of all to lose fat is not 
to get fat. If you are fat then it is 
nearly hopeless to attempt to ‘‘work it 
off.’’ There is only one way to lose it 
intelligently, and that is to limit your 
daily food intake slightly and burn it 
up slowly, but remember that if we ate 
each day 3 pats or one ounce of butter 
less than we really needed, 25 pounds 
of fat would disappear in the course of 
a year. Of course, this could be done 
more rapidly, although with some 
danger, by complete fasting. In thirty- 
one days of complete fasting you could 
lose nearly 30 pounds, but again a good 
deal of this loss would still be water. It 
is impossible to lose weight and not lose 
some water, for the body is really 60 per 
cent. of water, but what you want to 
lose is the fat, and that is the main ob- 
jective in weight reduction. 

Bathroom scales are a very good index 
for the long pull, for reduction covering 
months, and you can not reduce except 
in terms of months. These fat zealots 
wish quick results, but think, those of 
you who are really overweight, how long 
you were putting on the extra pound- 
age, usually several months if not years, 
so that you must take off that fat in a 
proportionately moderate way. 





Reduction without the cont 
operation of a good physicia l 
be dangerous. Rapid results ca 
expected. No overnight trea 
of value. Most of the innume 
posals for weight reduction 
by intelligent diet control are 1 
serious consideration. 

Every extra calorie that y 
from starches, sugars, fat or 
must be looked upon as a potent 
producer. Fats are, so to spe 
as concentrated as starches a 
hence if one avoids all visible fats 
food this is helpful. Cutting < 
fats is usually not a great hards 
of itself is of value only when 
no compensation by overeating 


equally fat-producing materials 
useless to cut out any particula: 

of the diet, such as bread or p 
and then fill up with ice cream ) 
of salads and greens which p. 
feeling of fulness are sound in p1 
but may easily be overdone and 
digestive disturbances. 

Exercise in moderation is, of 
essential to health. Extreme « 
especially if one is not used to 
be easily overdone, and then tl 
always this point to bear in n 
ten-mile walk to ‘‘work off fat’”’ 
is a wonderful stimulant to an a] 
all too ready to be appeased. 

The use of patent preparations t 
duce slimness, such as various eli 
gums, is nonsense. While it is tru 
certain glandular extracts and d 
hasten the burning up of material 
body and thus contribute in a smal 
at least, to reduction, they are wit 
exception dangerous to use without 
continued advice of a competent p! 
cian. There is no royal road to s 
ness. Diet reduction, at times den 
ing a Spartan-like abstinence 
especially loved foods, is the only r 


logical procedure. It all boils down 
a careful, intelligent curtailment of ! 
or fuel intake. It might be termed *'s 
entific stoking.’ 























DENTAL CARIES AS VIEWED BY THE 
BACTERIOLOGIST 


By Professor T. D. BECKWITH 


EPARTMENT OF BACTERIOLOGY, UN g OF 


DENTAL caries is without doubt one conclusion that diseas s mu ! 
very ancient diseases to which complex than m r t 
kind has fallen heir True, we teria within certain tissues « 
w little of the disorders which at- Infection denotes a ¢ ein d 
ed soft tissues in primeval animal activity of at least t nt f 
including man, since these strue- first, there is to be « dered the i 
s nearly always disintegrated with- sive power of the bacter organisn 
it fossilization. Our records concern- second, resistancé the part { 
arly infections are thus limited in sues concerned. Ac ¢ to oul 
irly all instances to evidences of ern concepts of growt bacte1 
struction within hard tissues, since it virulence, which is really their in\ 
s these portions which have been pre- power, may var} it ns for tl 
served throughout the ages by nature’s changes are understood very im 
thods. Tooth decay was prevalent in at the present tim The ability 
rehistoric man, whether from northeast — resist bacterial invasi on the part 
frica, Asia Minor or Peru. the tissues of the host constitutes anot 
Dental caries is a process character- variable. Infection thus results 
d by disintegration of the caleareous the overturn of bi bet 
tissues of the tooth. These lime-bearing potential invader on tl ne han¢ 
rtions of the tooth may be listed as_ tissues of changing resistance upon 
enamel, dentine and cementum. The other. At the same time then « m 
enamel is that intensively resistant outer not ignore the fact tl no matter | 
yer which covers all portions of the weakened in resistance tissues maj 
tooth exposed above the gum in man. there can be no infection witho 
It is by all means the hardest and most presence of an infecting agent. | 
lurable structure within the body of tunately the infecting agent usually 
igher animals. The cementum is the close by in this world of ours, but 
uter layer of the tooth, of that region principles underlying infection di 
which usually lies below the gum line. less hold in the consideration of det 
It has certain of the characteristics of caries just as they do in other exan 
bone, and has for one of its main fune- of invasion by bacterial forms 
ms the furnishing of anchorage to the There are many eories Of 1 
fibers which hold the tooth in position of caries in the teeth, and when 1 
within its socket. Dentine lies inside the we understand what this disease r 
namel and cementum and thus is ad- is, it is likely that we shall find tl 
jacent to the pulp cavity. etiology of this disinte tion includ 
Even though it appears wise to con- combination of factors. These poss 


sider dental caries as an infection, one causes may be divided into two differ 


must guard closely lest such a statement categories, endogenous 


l 


gists have rapidly been approaching the enthusiastic propo 


267 


) 


nts 


and 


be construed too broadly. Bacteriolo- Each of these subdivisions 
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we mean that the cause comes from 
within the animal organism, while exog- 
enous indicates th: opposite, that is, that 
the cause is derived froin without. An 
be included 
Among those 


the 


infeetious agent thus must 
among exogenous causes. 

factors which are inherent in animal 
are to be included deficiencies in diet, 
and it is very certain that the teeth in 
their structure are most sensitive indica- 


tors of certain untoward conditions 


within the body. Extensive work has 
proved that lack of certain vitamines is 
and 


certain picture of changes within t 


definitely by a 
oth 


nore- 


refiected quickly 


structure. It seems very probable, 
over, that such changes resulting from 


improper diet may be attended by in- 


creasing susceptibility to bacterial inva- 


sion. Doubtless the question of the rela- 
tionship of diet to tooth structure is one 
of vast importance. There is a great 
demand for the element calcium within 
the animal body during childhood and 
for are 


, 
these 


during 
periods when bone and dental structures 


also pregnancy, 
of the body are in process of formation 
to the formation 
of these tissues particularly. It is 
strange therefore that dental caries often 


Calcium is 


necessary 


not 


appears intensively during these periods. 
The after effects of syphilis, especially in 
succeeding generations, may appear as 
certain malformations of the teeth when 
irregular and weakened dental 
tures may be formed, with the result that 
not only is the tooth less resistant to 
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disease but its very shape makes invasion Bacterial organisms which sha 
These 


as factors 


bacteria relatively simple. 
examples cited 


which are endogenous in classification, 


by the various requirements necess 


have been order to cause dissolution of dent 

eareous structures have been give) 
ful attention by a number of ab! 

tigators, including Miller, Kligler 
and All thes 

t} ot + 


derived evidence to the end t 


and the list is by no means complete as 
given above. 

The 
operate in dental caries are probably 
to be limited to the bacteria the 
protozoa. As regards tooth destruction, 
the importance of the protozoa is most 


exogenous factors which may riguez Bunting. 


a certain group of bacteria present 
} 
at 


and 
carious tooth which are able to pr 
relatively high 

and which also have the faculty o! 


concentrations 0! 


likely very minor, but to the bacteria a 
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In addition 


eration. 
question of the inci 
lueing and of acid-res 
dental caries offer 
lem. therefore, and 
ts dealing with tl 
carried out at tl! 
rnia. No claim is 
ich of the work 
thought. 
in character; another 


possibly may add a few items to the 


tal of human knowledge reg 


al experiments were 
r the able assistance 
er, Who was associated wit] 
ular endeavor, thanks 
led. With the cooperation 
rsity infirmary dental t 
iitempt was ma 
sms from dental caries ich should them upon solid med 
the qualification ecessary to but one was impressed 
ik down the resistant framework of all ie Twenty-Io 
The work was done upon 
different patients, nearly 
m were university students. One 
vity only from each mouth was exam- 
l. The technique utilized was as fol- 
ws. The cavity in the tooth under test 
is first cut to its approximate size by To this 
eans of the usual dental instruments. devoted. 
incture of iodine was then applied not In 
to the inside of the nearly prepared 
vity but also to the outside of the tooth 
1 to softer surfaces adjacent. Our 
previous work had proved that iodine is 
most efficient germicide to sterilize the 
irfaces of oral tissues, and that it is 
tive in less than one minute for this 
irpose. After the iodine had been 
wed to act for two or three minutes, 
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of 


after careful cleansing had been 


There were no carious processes 


then 

dried. 
evident in any of them. These were first 
prepared by applying three or four coat- 
When thoroughly dried 
in an incubator for a number of hours, 


ings of shellac. 


the shellac covering was cut away from 
an area upon the crown approximating 
ot in 


expose 


diameter, 
structure 


an inch in 


the 


one eighth 
order to tooth at 
that point. A of of 
hydrochloric acid of different hydrogen 
ion concentrations varying between pH 
Into these solu- 


series solutions 


3.0 and 5.0 was set up. 
tions the teeth were inserted and then 
maintained at a consant temperature of 
37° C. over the period of the experiment, 
which was twenty-three days. We re- 
placed the acid solutions every two or 
three days in order to maintain a con- 
stant degree of acidity. The area ex- 
posed to the activity of the acid was 
limited as outlined above for a two-fold 
purpose. First, it was desired to obtain 
a single area upon the tooth which alone 
had been acted upon by the acid so that 
any final effects might be the more evi- 
dent by contrast with the remainder of 
the tooth which had not been in contact 
with the acid. In the second place, neu- 
tralization of the acid by the calcareous 
material of the tooth would be much less 
if only a small area of the tooth were 
exposed to the acid and therefore likeli- 
hood of maintaining a constant concen- 
tration of the acid solutions throughout 
the period of experiment would be in- 
creased. To obviate this second possible 
difficulty the solutions were changed fre- 


quently as an added precaution. 
At the close of this experiment, the 


rem< ved 
and 


thus treated were 


solutions, 


teeth from 
the several the 
shellac removed by means of alcohol. 
Examination then disclosed the fact that 
evident dissolution of the tooth struc- 
ture had followed exposure to a solution 
the acidity of which was pH 4.0 or 
In other words, a hydrogen ion 


washed 


greater. 
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concentration of 3.0 to 4.0 was 
the tooth, | 
potential were between 4.0 and 
} 


OS 


by destruction of 


little or no effects could be « 
It thus 
struction of dental enamel and 


becomes evident t! 
is to be brought about, a cert 
tration of hydrogen ion must | 
Our next step in preparation 
serving the effect of these cul 
tooth deter? 
end point of 
produced by these cultures in 


was To 


structures 
concentration o 


standard medium, in relationshi; 
final degree of acidity in similar 
strains of B 

the 
discussion 


produced by 
derived from intestine. T 


been much during 
years regarding this special point 
tain authors have maintained t! 
organisms from teeth, in their al 
produce acidity by breaking dow: 
hydrate, vary in no respect fr 
similar cultures isolated from int 
contents. Others, on the contrar 
that dental strains are more ac 
those from the lower digestive tract 
that thus they can and do pr 
higher degree of acidity than th: 
In the of 
necessary for us to give attention 1 


course our work it 


matter, and in preparation for t! 
six strains of B. acidophilus Stat 
have been isolated from intestina 
rial, were obtained from Dr. N. Ke 
of New York City. 

As a medium for this experiment 
ing with the relative concentratior 
duced these bacterial strains 
selected milk, since their growth 
is luxuriant. The same batch of 1 
was used for all cultures included 


by 


various containers of the medium 
with the organisms. 


, and from time t 


inoculation 
incubated at 37 
tests for purity were made both by 
and by streaking out on glucose 
At the end of ten days, all thes 
of cultures were tested electrometr) 


' 
4 
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rmine the final pH of the 


All the twenty-four strains de- 


from dental caries gave readings 
? 


whil 


> 


yr DeTween pH SY 


ot 


» yj - 
0 and | i & 


ains intestinal origin y 
ts between pH 3.7 and 4.3 
that dental 


more 1n 


strains 


as shown 


hilus are tense producers 
from the intestine. It 
that 
a tooth should be produced more 


first by the 


1 than those 


—r 
destrue- 


s evident therefore 


by the group than 


In preparation for the actual test con 
B. 
teeth, the technique fol- 


+} 


d when surveying the ef 


+ 


r the possible effect of acid- 
is upon 
fect of acids 
There 
precautions 


The 


r test must remain suspended in the 


n teeth Was utilized. were 


additional which, 


er. must be observed. teeth 
ture and one must be able to transfer 

oth from tube to tube of culture 
Some simple method of ma 
pulation of the tooth 
vided. With this 
‘hed a fine thread to the apex of the 
th by shellac. The thread 
held between cot- 


lum. 


thus must be 


TIOT 


end in view we 


means of 
n in turn could be 

lug and the lip of the culture tube 
the dental 
Covering by shellae and subse- 


now tissue was sus- 


ient careful abrasion of a small area 
pon the crown was earried out as out- 
The 
th were then sterilized by steaming 
termittently in the Arnold. 

We then prepared cultures in milk of 


ied in our previous discussion. 


e thirty strains of organisms of which 
had from 

and six from fecal material. The 
man teeth prepared as outlined in the 


been cultured 


enry 


-four 


vious paragraph were then suspended 
hin these cultures and again we main- 
tained a constant temperature of 37 
should be that the 
uth there is constant flushing on ac- 
unt of the flow of saliva with the result 
metabolism 


remembered in 


at products of bacterial 


CARIES 


sunple matter and 
tamination Was red 
The 
period of six w 
the teeth 


and the 


experiment 
were wa 


nature of 
surface of the tooth which 


covered with the shellae and whic! 
fore had been exposed to chemical act 
on the part of the bacteria. 


Disintegration of the di 


had been produced by each of the twe1 
deri 


ty-four cultures 
caries, While on the ot! 
of the six fecal culture 
had produced any vi 
Moreover, this 
ad 


interest 


ever. 
beer mManee 
een 1nau 


beea 


which h 
tional 


use 
at the exposed 
chalky, w 

the 
dent. 
that these organ! 


adv: 


Therefore 


are able to bring 
tooth structures al 
of like action on 
forms is vastly 


it will be ri 
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cultures between these two origins of 
strains also differed. 

There are certain points of interest 
regarding the metabolism of these bac- 
terial forms which are of importance. 
They require carbohydrate for energy, 
and by the splitting of this, acid is pro- 
duced. Nitrogen is essential. The ques- 
tion arises as to the source of food mate- 
rials necessary for the life activities of 
these organisms. Attention is due the 
white material which readily accumu- 
lates in the interstices between teeth and 
upon their uneven or rough surfaces. It 
has been determined that this materies 
alba yields carbohydrate, nitrogen com- 
pounds and inorganic complexes neces- 
sary for growth of B. acidophilus, and 
that therefore there is a certain relation- 
ship between the presence of this white 
material which is in part incompletely 
digested food material and the growth of 
B. acidophilus. This particular point of 
itself weakens the arguments of those 
who reason that these bacteria can have 
no causative relationship to caries and 
who base their reasoning upon the state- 
ment that caries does not progress to 
any marked extent after death of the 
host. They say that the necessary or- 
ganisms are present in the mouth of the 
dead host and yet the advance of caries 
now is arrested. The real explanation 
lies in the fact that no longer is there an 
intake of starch from which later simpler 
sugars are inverted. These and other 
food materials necessary to growth of 
the bacteria are lacking. Of necessity 
the progress of caries must be arrested 
after death of the host. The essential 
metabolism of the bacteria constitutes a 
limiting factor to their proliferation. 

One may argue that bacteria are not 
the cause of caries since at times cavities 
appear upon surfaces of the tooth where 
seemingly it is smooth and thus in a loca- 
tion where bacteria can not accumulate, 
since these particular forms are unable 
to stick to a smooth surface. These argu- 


ments are answered in part 


‘ 


sible presence of malforn 


tooth and again by plaqu 


to precipitated mucin in 
dium. In addition to th 
there is another factor which 
the field of the bacteriologist 
of the human mouth is to b 


another group of bacteria whi 


of surpassing importance 
tion of caries. These are lone 
rods which are cultured only 
difficulty over 
generations, 
by certain 
members of this group, oj 
organism Leptothrix is an e3 
to attach themselves tenacion 
faces and thus offer a site for 
accompanying forms. On ace 
anchorage afforded the Leptot 
allied forms, cavities ultimat: 
produced by organisms beecai 
opportunities offered by prolif 
a form entirely foreign to th 
sult. In all probability t! 
example of commensal activity 
teria within the human mout 
While considering the gener 
tion of the growth of these 
acidophilus in and upon teet! 
to direct our attention to th 
dental caries means more tha 


the solution of calcareous com} 


within the tooth. In ecooperati 
Miss Williams in our departs 


Berkeley, it has been demonstrat: 


there is an organic framew 
enamel. That there is such a st 
in dentine has long been ree 


This dental enamel matrix, howe" 


extremely tenuous and difficult 
veal. Very fine determinations 


by Evans years ago indicated t 


human enamel there is a possibi 


only 1 to 2 per cent. of organic 
Recently the work of Bodec 
Gies in New York and of tl 


upon the Pacific Coast has prov 


y 
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We ar 
lis do not 


acce pote i} 


; 
Gules 





resistance ti 

most baftline on Thi IS resistances 

to infection really does exist In many 

Instances is certain Moreover, it) may 
same individual, since there 


number of instances on record 





where the advance of a carious process 
has stopped. The fact that in suel 
arrested earie “ } yf acidophilus 
mav be isolated from the lesion whiel 


now no tonver is progressive has in tur 


been seized upon by those who oppost 


the idea that dental cavities result from 
bacterial activity It should be recog 
nized, however, that this objection to a 
possible etiological factor present in an 
inhibited site is not entirely valid inas 
much as similar conditions of arrest in 
the face of the presence of an infectious 


agent are found rather frequently in 





other portions of the body It is very 
likely that in these instanees and in 3. ACIDOPHILI 


enses of others who appear to be econ- \ I 20} ous Too 
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A SHARK ENCIRCLED WITH A RUBBER 
AUTOMOBILE TIRE 


By Dr. E. W. GUDGER 


and Dr. W. H. HOFFMANN 


esceribi Yr WAaCKe! 


rubber bands 


4 and even partis imbedded 
vilies, and has on hand six « 


ens showing this phenomenon in 


exaggerated form What en 
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A letter to 
la Marina 
pl otograph and 
from Senor Gonz: 
aging editor, 
he could give us 
a than that contained 


Basten te Set out Inspection ol 


proacl were the shark in question 


surprised to that it 1 a shark of th non-determinable speci 


Alekrin”’ 1 about ( ters long vw Information has bee) 
had been caught \ | 


but the persistence of the 
the owner had hrown into t . a noe «ce 1 > . 
has finally produced some 
cided to replace . sae 
4} > + . rea sart 
This shark. on first efforts were to ascerti 
eing thi ele of the bber tire. had swam into the tir r if 
its head ) r and there and the tire put on it 
ained trapped in 1 am WAICR WC 8C Our earliest informatir 
it in the vyhotograp . 
= fish when seen bv the 
position to be 
rubber tire above Was 


but unable 


pace It wi 
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NEW REFLECTOR TI! LESCOPE OF THI! 








chey was 
ordinarily 
a graphs, nm 
The eurves ot emulsion 
two mirrors differed slightly from technique 
ie paraboloid and the hyperboloid, r and developed 
spectively, of the Cassegrainian systen twelve times 
Professors Ritchey and Chretien dé present This sp 
veloped their formula for the curvature fessor Ritchey’s 
ff their mirrors, which renders the com cent. as thick as 
bination so far superior to all others photographic pla 
previously made, and as a result of come the present « 
which the Ritehey-Chrétien reflector surface of plates 
eapable of such astounding results photography by 
Having settled that very important cial plates the ray 
question, they devoted their energies to bodies will be broug 
the solving of the many problems, accurate focus over 
hoping to overcome the well-known diffi feat impossible wit 


eulties in the various large reflectors ment in common. ust 


Their success far exceeded their fond Unfortunately, many 
' the various probl 


est expectations 
They have ad veloped a very short themselves what might 
rigid, modified Cassegrainian type re secrets.”’ And 
flector with entirely new curves in their and Cl 
mirrors, giving them an equivalent foe: selves by 
length which permits the photograph) vaiuable 
of very faint nebulae it would 
All questions of construction have  deseribe them 
received the closest attention and a tO Say 
been solved in very practical ways o of the 1 
detail was too small to be thoroughl) finements 
analyzed and solved, sometimes in a_ imagined 
very ingenious manner Professor 
The result is a reflector of extremel Chrétien claim 
short overall length, stiff and = ver) following advan 


flexures, capable of for the broadest 


rigid, free fron 
very rapid and skilful work, and = astronomical photog 
equipped with every conceivable refine ment of mirrors to 
ment and convenience for the operator. venient form of 

As an example of the detailed study ot 3) foeus of optical 
each factor influencing the perfection readily accessible posit 
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MARTINUS WILLEM BEIJERINCK 


1551-193! 


i little te 
vreatest 


si’ l 


ssor Martinus Willen 


a time when Past 
battle for the 


nisms as the ae ave 
Beijerinck has mate? 
to our understandn 
croorgzanisnis 

has indicated 


activi 


ena vouth 
sand dunes ol 


I Haat 


these 
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dunes 
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PROFESSOR M. W. BELJERINCK AT THE AGE OF SEVENTY 





it} ers 


He had a Kee] 


ti Ly) iT\ for obs rvatiol 


experimentation were 


always devised new 


prepare 
a coun he 


Azotobacte 


published 
butions 
stand as 
ments 
member by 1 
IMSTITUTIONS 


OGRAPH TAKEN IN PROFESSOR to his genius 
RINCK’S GARDEN, AUGUST, 1924 Beijerinek ha 








’ ? ~ 
, 
| r 1) [lis 1) S | 
5 Ni , 
j < } ~ ] ! ( 
rs 
+4 hed 
\ perso byw t ”? 
} t « ) , « } " 
( w1loONn ¢ thre thor S VIS t be 
re - } } (FOrsse ' 104 \ 
= fy] , 4 
verv deliel i} morn was spel ! 
| ‘ ? hy] } } 
aiscussing@’ various problems 1! eld 
of microbiology. as well as Benerinek’s 
. > 
own Impressions of Pasteur and other 
investigators In this fleld his was Tol 


lowed by lunch, in which Beijerinck’s 
only surviving sister and the writer’s 
wife participated. The professor him 
self was rather somber, but his sister, 
who has evidently learned her Englis! 
by reading Elizabethan writers, and not 
only scientific literature, enlivened the 
conversation considerably with various 
stories of their former and present life 
Lunch finished, and the weather being 
rather pleasant, the group retired to the 
garden, where Beijerinek was still carry 
ing on some experiments on plant breed 
ing. The writer then begged permission 


to use for one moment his camera, so as 


to Carry away a souvenir ot this memor 
able visit. Beijerinck, however, declined 
very decidedly to pose or to even allow 
a rapid snapshot to be taken. ‘‘It is 
something I never allow to do,’’ he 
stated in a tone that pe rmitted no fur 
ther discussion of this subject How 
ever, a memento was to be taken at any 
price, so the writer proceeded to photo 
graph the famous garden, to which of 
course the professor could see no obje 

tion. Miss Beijerineck, watching thes 
proceedings with seeming amusement 
willingly agreed, at the invitation of the 
amateur photographer, to pose in the 
varden She immediately invited § the 
other two ladies of the party, one of 


joIn 1h 


whom was the housekeeper, to 


this photograp! After the ladies wer 


all readv and the camera Was about to 








the plant o1 the 


avaln and se 





